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PREFACE. 



The recent extraordinary progress of electricity, 
its stimulus to commerce, and its mysterious pos- 
sibflities, make it, par exceUenoe^ the science of 
sciences of our day. All should be familiar with 
its essential principles at least. 

Many learned and excellent treatises have been 
devoted to the subject, but so illustrated with 
M complex and intricate mechanical diagrams as to 

** frighten away the timid and uninitiated. 

My sole aim in this little book is simplicity. 

S The mechanical part of the science is continually 

changing; new patents are being daily issued, so 

» that a thorough and full description of the mul- 

dl tiplex machinery, except for a professional, would 

y be time wasted. I have, therefore, devoted my 

s 

ft 



care almost entirely to tlie explanation of prin^ 
pies, to the exclusion of mechanics. 

I consider, moreover, that complicated dia- 
grams, by drawing away the mind from the sub- 
ject-matter in handj confuse rather than simplify. 

I have aimed throughout at manifesting the 
identity of all the forms of electricity, aod have 
accordingly so arranged the matter that each suc- 
ceeding form natnrally flows from its predecessor. 

I have also given short sketches of the men 
who have added most to the science by their great 
discoveries, and placed the man as closely as poM 
fable to his work. 

"Women should be especially interested in elec- 
tricity. It is woman's science. A woman was the 
discoverer of its dynamic branch. The wife of 
G-alvani, the bright daughter of the eminent Gale- 
azzi, is the initial link in the golden chain of illus- 
trious discoverers who have given to us the mod- 
era science of electro-dymanics. 
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ELECTRICITY 
AND ITS DISCOVERERS. 



CHAPTER L 

MAGNETISM. 

Electbigity, under the form of magnetism, 
seems to have been both recognized and utilized 
by mankind from all antiquity. There is a dim 
tradition that the magnetic chariot, tchi nan^ was 
used in a rude form by the Chinese as far back as 
the reign of the Emperor Hoangti, twenty-six hun- 
dred years before our era. A wagon of this kind, 
to guide the traveler over the great wastes of Asia, 
was certainly in use eleven hundred years before 
Christianity. 

In this apparatus a freely floating needle moved 
the arm and hand of a small figure, which pointed 
toward the south. This wagon was in use in Asia 
down to the fifteenth century. 



8 ELECTRICITY AND ITS DISC0VEREB8. 

The magnetic needle was unknown in Enrop< 
prior to the eleventh or twelftli century. Willianj 
Gilbert, of ColehcBter, bom in 1540, was tbe fira 
to -write a regular treatise on magnetism and redm 
the subject to a scientific basis. According to his* 
testimonj, Mai'co Polo was the ftret European who 
applied the magnetic needle to the purposes of 
na\Hgation. This he did in I'etuming to Europe 
from the East Indies, in the year 12G0. According 
to other and more probable testimony, however,| 
the magnetic needle was known in European sei 
some seventy years previously. 

Magnetism is derived from Magnesia, a town 
of Lydia, in Asia. An ore of iron, called lodestone, 
has the property of attracting to itself small parti- 
cles of iron, cobalt, and nickel ; and as this ore was 
found in great abundance in Magnesia, it was called 
by Pliny Tnagnes, and hence magnet. 

Lodestone is the magnetic oxide of iron, Fe,0,J 
and is a union of the protoxide and sesquioxide ofl 
iron. The scales thrown off under the smith's ham-| 
mer are this oxide. 

Lodestone, mounted in a soft-iron frame, c 
tnted the original magnet. 

Magnets are natural, artificial, and permanent.! 
The magnetic oro of iron is the natural magnet. 



MAGNETISM. 9 

Steel or hardened iron, when brought into contact 
with a magnet, becomes magnetized, and is called 
an artificial magnet. Soft iron is magnetic only 
when in contact with a magnet, and, when parted 
from the magnet, at once loses the magnetic prop- 
erty. 

Hardened steel, once magnetized, never loses its 
magnetism, and hence is called a permanent mag- 
net. 

When a small magnetic steel baf is freely sus- 
pended on a pivot, it will so arrange itself that one 
end will point toward the north, and the other end, 
by consequence, toward the south; and, however 
the bar be moved thereafter, it will invariably, the 
disturbing force being withdrawn, restore itself to 
this position, the same end as before pointing north, 
and the same south. This is the most obvious 
property of a magnet, and is called polarity. 

The needle of the compass is simply a magnet- 
ized piece of steel, balanced upon a pivot, and 
placed in a box having a circular card, divided 
into thirty-two equal parts. The end pointing 
north is called the north pole of the magnet, and 
the end pointing south, the south pole. The un- 
like poles of two magnets attract each other, while 
similar poles repel ; that is, a north pole will at- 
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10 ELEOTEIOITT AND ITS DlSCOVEKEEa 

tract a Boiith pole and repel a north pole, and a 
BoutL pole will repel a south pole and attract a 
north pole. 

"When a piece of soft iron is brought into con- 
tact with a permanent magnet, the soft iron will 
itself become magnetic, and, while in connection 
with the magnet, will attract other eraalter pieces 
of metal. This process is called indnction, for the 
magnet induces its own magnetic property in the 
Boft iron. The soft iron, however, loses its magnet- 
ism immediately on the withdrawal of the magnet. 
A magnet will induce magnetism in soft-iron fil- 
ings in its immediate vicinity, although not in actual 
contact. Magnets, natural or artificial, can induce 
by touch permanent magnetism in a rod of Bteel 
or hardened iron. 

When one of the poles of a magnet touches 
the end of a soft-iron rod, that portion of the rod 
in contact with the pole will assnme the opposite 
magnetism to that of the pole; the positive pole 
inducing negative magnetism, and the negative 
pole positive magnetism. The magnetism of the 
other extremity of the rod will be similar to that 
of the pole. 

If the pole of a magnet touches the center of 
an iron bar, the magnetic fluid of the center will 
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be opposite, and that of both ends of tho bar will 
be similar to that of the pole. If either pole be 
brought in contact with the center of a circular 
plate of iron, the center will have opposite and the 
rim similar magnetism to that of the pole. 

If a bar-magnet be broken in the center, the 
pieces, instead of having all positive or all negative, 
will each have both positive and negative polarity, 
Bo that neither can ever be entirely eliminated, or 
parted from the other. 

The generally accepted theory of magnetism is 
that, in any body capable of being magnetized, 
Bueh, for instance, as a bar of iron, there exist two 
finidsj one called the boreal, northern, or positive ; 
and the other the austral, southern, or negative. 
These fluids, in an ordinary piece of soft iron, are 
combined together, and so are in the latent state. 
"When the iron becomes magnetized, these fluids are 
set free, one rushing to one and the other to the 
other extremity of the bar. Every atom or mole- 
cule of iron contains both these fluids, and can nev- 
er part with them ; the only change occurring is the 
decomposition of the fluids into their separate ele- 
ments. In a permanent magnet the fluids are dis- 
united in each and every single molecule, the posi- 
tive flnid ranging itself on one side of the molecule 
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12 ELEOTEIOITY AHD ITS DI8C0VEREKS. 

■and the negative on the other. The positive of 
each atom throughout the bar neutralizes or dis- 

gnisea the negative o£ its neighboring atom, except- 
ing the positive and negative of the atoms at the 
extreme ends. Thus, the fluids of one sido of the 
two extreme atoms are free, the positive fluid con- 
stituting the poaitivc pole, and the negative fluid 
the uegativo pole of the magnet. This explains 
the reason whj the central portion of a magnet has 
no magnetic properties, the positive fluid of each 
particle disguising the negative fluid of its neigh- 
bor. Hence, also, a magnet in the form of a ring 
gives DO evideDCQ of free magoctisui, but, being 
broken, the fragments will be found to be highly 
magnetic. 

The process of induction in soft iron ia ex- 
plained in a similar manner. When a rod of soft 
iron is approached toward the negative pole of a 
magnet, the fluids of the atom in immediate prox- 
imity to this pole are separated, the positive being 
forced to the side nearest the magnet, and the nogar 
tive to the other side. This last negative holds the 
positive of the second atom, sending its negative to 
the opposite side, and so on, until the last atom is 
reached, and its positive is disguised by the pre- 
ceding atom's negative and its own negative is set 
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free. The magnet being removed, the fluids are 
recombined, and the rod loses its polarity. 

Another theory, more complex, much in vogue, 
however, and very ingenious, is Ampere's. Ac- 
cording to Ampere, currents of electricity are in- 
cessantly running around every particular molecule 
of a magnet. The resultant of these small currents 
produces a great current circling the magnetic bar. 
The difference between a magnet and an ordinary 
rod of iron is, that in the latter the electricity is la- 
tent, and in the former in an active state of motion. 

The harder and more dense the steel, the more 
difficult it is to be magnetized, but the more perma- 
nent the magnet. It would appear that the close- 
ness of the molecules offers a mechanical impedi- 
ment to the free movement of the imponderable 
magnetic fluids. 

Hitherto only iron, cobalt, and nickel have been 
mentioned as sensitive to magnetic influence, but 
Faraday by his experiments discovered many other 
substances susceptible of polarity. Manganese, 
chromium, cerium, titanium, palladium, platinum, 
osmium, and arsenic, with their salts and even 
solutions, are thus susceptible. 

Dr. Faraday by his brilliant researches, besides 
adding greatly to the development of electric sci- 
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ence in general, did more than any other mi 
demonstrate the identity of raagnetisDi and elM 

ktricity. 

The process by which a piece of steel : 
verted into a magnet is technically called 
" touch." There are many kinds of tonchee. The 
single touch is the simplest mode of generating 
magnetism in a steel rod. This is accomplished 
by running one pole of a magnet several times over 
the bar to be magnetized, always, however, in the 
same direction. The end of the bar last touched 
by the positive pole of the magnet will become ft 

|ii^ative pole. 

Magnets are commonly shaped like the letter 13^ 
and have received the name of horseslioe magnets. 
Several of these magnets are sometimes joined to- 
gether, and thus form a very powerful one, or rather 
a battery of magnets. Magnetism exists entirely ■ 
on the surface, so that a magnetic hollow cycHnder 1 
will be equally powerful as if it were solid, 
number of small magnets connected together have 
more power than the same weight of metal in a 
single magnet, because they present more surface. 
Rust, grinding, filing, weaken the power of a mag- 
net, showing magnetism to have more to do with i 

Fthe surface than the interior. 



MAGNETISM. 

When magneta are left to themselves, they coi 
' etantly, though very slowly, lose thuir magDetism. ' 
To prevent tbia loss, a piece of soft iron, called the 
armature, is placed across the poles. The armature, 
becoming magnetic, seems to react upon the mag- 
net, and thos not only to conserve ita magnetism, 
, but really to increase ita intensity. Small weights 

ispended from the armature, and occasionally i 
pcreased, will increase the strength of the magnet t 
a certain limit. Thus, a one-pound magnet can be 
made to lift a weight of twenty-eight pounds. 
The attractive fgrce of a magnet is diminished 
■ raising its temperatare. A magnet heated 
idightly loses a portion of its power, but regains it 
again upon cooling. When heated to redness, it 
loses its polarity completely, and does not recover 
it upon cooling. On the contrary, a decrease of 
temperature increases the magnetic force. 

Coulomb, with a torsion-balance, has fonnd thai 
fhe force of magnetic attraction is inversely as the 
Bquare of the distttnce, which is the law governing 
the intensities of heat, light, and gravitation. 

A bar of soft iron, when acted upon by a ma^J 
let, is equally attracted by both poles, and wheitB 
Bnch a bar is freely suspended over the poles of s 
horseshoe magnet, it will so arrange itself as to be 
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. the line of the magnetic force — that ia, in 1 
NdirectioQ of a line connecting the poles. 

Dr. Faraday found that certain bodiee, whei 
^»pp^oached by a magnet, were repelled by bot 

' poles ; and bars of such Bubstanees, when freely snft-" 
pended over tlic poles of a magnet, arranged them- 
eelves at light angles to the direction of the mag- 

I netic force. All bodies attracted by a niaj 

I however feebly, arc called magnetic, and those p 
polled diamagnctic. 

The principal diamagnetic subetanceB, in t^ 
order of Busceptibility, are bismuth, antimony, zinqj 

. tin, cadminin, mercury, silver, copper. 

Animal flesh has been found to be diama| 
notic, and a man suspended freely in a horizontal 
position over the poles of a powerful magnet 
would be repelled hy both poles, until he pointed 
due east and west, the direction of the poles i 
tho magnet being north and south. 

One of the most splendid discoveries of Far* 

I day was that the oxygen of the air is magnetid 
This property of oxygen mnst, consequently, 
an element in the explanation of the origin of 
electric storms and of the aurora borealis. Tlie 
earth itself is considered a great magnet. Gauaa , 
estimates its magnetic force to be as great as i 
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every cubic yard of it contained six one-ponnd 
magnets. 

According to Amp6re the magnetism of the 
earth is occasioned by electric currents constantly 
circling it from east to west in spiral lines. 
These currents are caused by the sun's rays. 
These spiruls indnce in the eJh a n^agnetic Jis 
at right angles to themselves, and whose poles 
nearly coincide with the earth's geographical poles. 

Both natural and artificial magnets owe their 
polarity to induction from the earth. Tools in 
workshops, placed vertically, become magnetized. 
A bar of iron, placed in the magnetic meridian, 
and inclined at an angle corresponding to the dip 
of the needle for the locality, will become mag- 
netic. Sunlight has a magnetic efEect on steel; 
and needles, placed in glass bottles of a violet or 
blue color, will become magnets. 

Great advances have been made within a very 
short period in this beautiful science of magnet- 
ism, and yet we have but touched the shores of 
this enchanting wonderland. 
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THE MAEINEEB COMPASS. 

The present mariner's compass is a delicatea 
I jnece of mechanism. It consists of a long, flat I 
lozenge-shaped magnetized needle, balanced hori- 
zontally on a very fine point of some hard siib- 
Btanea ErerythiDg possible is done to eliminate 
friction. The center of gravity of the needle is-J 
pierced, and a piece of agate inserted to rest oit'l 
the point of a steel pin. Beneath tlie needle and 
attached to it, so that they move together, is a 
circular card divided into thirty-two parts, called 
points. The extremities of the needle point to. J 
two divisions of the card diametrically opposite, I 
which are marked N, and S., and correspond to ' 
the north and south poles of the needle. The 
extremities of the diameter rnnning across the 
card at right angles to the needle are marked £. ■ 
and "W. 

The whole circle of 360" is divided into thirty-l 
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I Beti 

'. are 



THE MAEINER'S COMPASS. 



191 
points, so that each point coDBists of 11° 15'. 
Between the N. and the E., for instance, there 
are eight points, marked respectively N. by E^ i 
N. N. E., N. E. by N., N. E., N. E. by E., E-J 
N. E., E. by N., and E. 

The other quadrants are Bimilarly divided. ToJ 
prevent the compass from being thrown ont of an 
horizontal position by the rolling of the ship, it 
is attached to a pair of circular brass Iioops or 
gimbals. The outer hoop is firmly fixed to a 
stationary object, and the inner one is attached to 
the outer by two pivots at the extremities of a 
diameter in such a way as to allow it free mo- 
tion within the outer hoop. The compass-box is 
Attached to the inner lioop by two other pivota 

the extremities of a diameter at right angles to 

le first diameter. In this way the compass may 

move freely in two directions at right angles to" 

one another, and thus its horizontal position is se- 

, cored under any and all circunietances. 

In the box containing the compass is a black 

!, called the lubber-line, in the absolute direc- 
tion of a vertical plane cutting the ship from 
stem to stem. The helmsman must keep the di- 
jard which shows his course i 
labber-line. 
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The compass first used in the Mediterranean 
3 Bimplicity itself, being merely a piece of lode- 
attached to a cork fioatiog in a veeeel > 



It has been found by astrooomical observation ■ 
tliat the needle does not strictly point due north 
and due south, but varies sometimes to the east, 
Bonietiraes to the west, of true geographical north J 
and south. The stars are flse<l, and never vary I 
in their relative poeitionB. The variation or deo- 1 
lination of the needle for any place or time is I 
found by comparing a star's bearing, as indicated ' 
by the needle, and its bearing, as shown by i 
tronomieal calculation. Columbus was among the 
first to notice the variation of the needle. He _ 
certainly was the first to perceive that there waCH 
a line of no variation. There are places npon th# 
earth's surface where the direction of the needle 
coincides exactly with the geographic meridian, 
and these places, connected together by an iraagi- 

KKiary and very irregular cnrve, form the BO-calledJ 
ines of no variation. It is generally admitted^ 
that there are two lines of this character, called 
the east and west line. The course of the west 
line may be traced from the sixtieth parallel of 

I latitude to the west of Hudson's Bay, thence in J 
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i southern direction through the Ameriean lakes 
the WeBt Indies, and the extreme eaeter^fl 

loint of South America. 

The eastern, beginning in tlte WJiite Sea, mosfl 
south in a gemicircle until it reaches the sev^uty- 
flrat parallel ; it thence i-uu3 aloug the Sea of Ja- 
pan, whence it takes a westward course across 
China and Hindostan to Bombay; it then ton 
east, touches Australia, and goes south. Even thra 
lines arc not constant, hut move from time to time. 
A great deal of care and time have been ex- 
pended by navigators on this matter of the nee- 
dle's Yuriation. Tlieir observationB have, in a 
great measure, been systematized, so that they have 
made elaborate charts and tables of the vagaries ■ 
of this priceless but too sensitive guide. In thoj 
year 1840 General Sabine employed as many i 
fourteen hundred and eighty observations, to ac- 
curately determine the liue of no variation in the 
Atlantic Ocean. It may be remarked, however, 
that for the ordinary purposes of navigation the 
needle points toward the north with sufficient accu- 
racy, and the variations may in general be disre- 
garded. Wlien, indeed, there is question of some- 
thing requiring great delicacy and precision, the - 
?o|}er corrections must be applied. 
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The magnetic needle has a Bmall daily and even 
honrly variation. Its north pole deeliaes elightly 
to the west from sunrise to an hour past noon, 
then retrogrades toward the east until eight in 
the evening, and remains stationary during the 
night. It has, moreover, an annual movement, and 
a different movement in winter from that in sum- 
mer. Theeo daily and yearly fluctuations of the 
needle depend, in all probability, upon the differ- 
ences of temperature caused by the apparent coursa; 
of the enn. 

The magnetic needle is also more or less 
tarbed by meteoric ehowera, electric Btorme, 
aurora borealis, the lightning's flash, and the 
cano's throe. 

If the magnetic needle be so supported at its 
center of gravity that, instead of being free to 
move in a horizontal plane, it is loft free to move 
in a vertical plane, the needle will be found to in- 
cline more or lees from a horizontal position ac- 
cording to the location on the earth's surface. 
When north of the equator, the north pole of the 
needle will incline downward; and, when south, 
the south pole will incline or dip. A magnet- 
ized needle of this kind is called a dipping 
needle. It is furnished with a graduated Ecali 
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lar in form, marking all the degrees of an 1 
and situated io a vertical plane jnst beside i 
the needle. In the constrnction of the dippings 
needle, as in that of the compaas - needle, every- 
thing IB done to reach the niinimnin of friction. 
Two tiny steel cylinders are run out from the nee- 
dle OD each side of its center of gravity, and these 
it on knife-edges made of agate. The frame | 
sporting tlie needle is mounted on a tripod hav- 
ing adjusting screws, in order to maintain a per- 1 
feet level. 

The nearer this needle is Iwought to the mag- 
netic! equator, the nearer its approach to a horizon- 
tal position, and consequently the less the dip or 
inclination. The farther it is moved from the 
magnetic equator in the direction of the magnetic * 
pole, the greater the dip. The magnetic equator 
ifl where the needle assumes a perfectly horizontal 
position, being eqnally influenced by hoth poles. 
The magnetic eqnator does not correspond exactly 
with the geographic eqnator, but makes with it an | 
angle of twelve or thirteen degrees. 

geographic equator of the earth is a perfect 
r great circle ; but the magnetic equator i 
irregular doable curve, to which the name of J 
aclinic line haa been given. The magnetic equA-l 
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■ tor iaterseeta tbe geographic equator in eeveral 

I places ; one point of intersection is io the Island 

I of St. Thomas, and another in the Pacific Ocean, 

I about li2° longitude east from Greenwich, This 

^^_ aclinic line is, however, constantly changing its ] 
^^^k ntion. 

^^^P The magnetic poles of the earth do not coincidl 
with the geographic poles. When the dipping- 
needle is held directly over the magnetic north 
polo of the globe, the needle will take a perfectly 
vertical position, tbe north pole of the needle 
pointing downward. If we could place the needle 
over the south magnetic pole, tbe needle ' 
assume a perpendicular attitude, tbe south pol|| 
pointing downward. 

Sir James Ross, in 1831, trying to find a n 
west passage around the American Continent, ' 
in latitnde 70° 5' 17", near Hudson's Bay, san 
needle take a verticaJ position. The south maj 
netic pole has not been located. 

When tbe needle of tbe compass is placed i 
the immediate neighborhood of one of tbe m^ 
netic poles of tbe earth, it loses its power alto- 
gether, and points indifferently in all directions. 
If a magnetized needle be placed on a cork flc 
ing in a pool of water, after a short time i 
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poles of the needle will bo arrange themselves as 
to point permanently north and south, but the 
cork will not be drawn toward either the north or 
south shore. From this it is concluded that the 
influence the earth exercises upon the needle is 
not attractive, but merely directive. 

The intensity of the earth's action upon the 
magnetic needle varies in different places. The 
nearer the needle is approached to the magnetic 
poles, the more sensitive it grows, and the more 
striking and vivid its movements. As we draw 
near to the equator, the effect is seen to become 
more and more feeble. 

The intensity of the earth's magnetism is found 
to be greater in colder than in warmer climes. 
This intensity is also noticed to be greater in the 
western and northern than in the eastern and 
southern hemispheres. The earth's magnetism dis- 
plays itself with a greater intensity at the follow- 
ing places, in the order in which they are named : 
St. Petersburg, London, Berlin, Paris, Vienna, 
Madrid, Bome. 



CHAPTER in. 



Michael Fabaday, most probably the greate 
experimental physicist that ever lived, was the bi 
of very poor parents, his father being a journeymu 
blaclcBinith, Michael was bora at Newington I 
near LondoD, on the 22d of September, 1791 ; 
ten years later, necessity forced his family to seek 
public relief during a period of great distress in 
London. 

In his thirteenth year he went as newspnper-bojfl 
to Mr, George Kiebaii, a bootseiler on Blandford 
Street; and in his own simple way he tells the 
hardships of this task : " It was his duty, when he 
first went, to carry round the papers that were lent 
out by his master. Often on a Sunday morning 
he got up very early and took them round, and 
then he had to call for them again ; and frequently, 
when he was told the paper was not done with, 
' You must call again,' he would beg to be allowec 
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> have it, for hie next place might be a mile o^ 
(nd then he would have to return back over the 
ground again, losing much time, and being very un- 
happy if he was unable to get home to make him- 
self neat, and to go with his parents to their place 
of worship." A year later he became an appren- 
tice to Kr. Kiebau, and continued in his establish- 
ment for eight years. Having an extraordinary 
taste for reading scientific works, he spent every 
leisure moment in this pursuit. He was especially . 
fascinated with an article on " Electricity " that ha I 
found in an old encyclopaedia he was employed to I 
bind, and even constructed an electrical machinal 
consisting principally of an old bottle, and tried to^ 
verify for himself by experiment the facta refei'redl 
to in the article. 

While a journeyman book-binder, he had the I 
good fortune to attend some piiblic lectures hyw 
Sir Humphry Davy, then in the zenith of hiafl 
fame. Burning with an ardent love of knowledge, J 
and encouraged by a friend, he had the resolution 
to apply to Davy for employment. Sir Humphry 
at fli-st tried to dissuade him from his ol)ject of 
following science as a profession, warning him that 
e was a harsh mistroes, and, in a pecuniary 
of view, but poorly rewarding those who 
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voted themselves to her service. But nothing could 
withstand his thorough earnestness, and Davy en- 
gaged him as chemical assistant to the Rojal Insti- 
tution of Great Britain. This was the tnraing-point 
in his career, and thenceforth his hfe, with a lover's, 
fervor, was dedicated to the service of science. Ffl^ 
fifty-two years, with unexampled patience and i 
hero's couTiigc, he watched and worted in Nature's 
inner sanctuary ; and for forty of these years he 
iept the name of England in the first rank of sei- 



In the latter part of 1813 ha accompanied Davy 
as his smanqensis to the Continent. This journey 
occupied a year and a half, and brought him into 
contact with the most noted men of science of that 
time. Faraday was always remartable for his 
method, and so made notes of the famous places 
he visited, and of the great scientific experiments 
he witnessed. These notes show the goodness and 
manliness of his heart, and the early perspicacity 
of his judgment. On his return to the Royal 
Institution the rapid progress he made in self-edu- 
cation was marvelous. His work for the next five 
years in the laboratory and lecture-room was so 
brilUant as to place him hj the side of tt 
chemists of the day. During this period, a 
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life had been one of uninterrupted happincBs, But 
hnman life h a. cnrrent that must inevitably flow 
through rough and broken paesages. In his thir- 
tieth year ho was unjustly accused of dishonesty, in 
claiming for himself a discovery of the great Dr. 
"WoUaston in magnetism. This persecution, as un- 
deserved as it was venomous, instead of injuring 
him, rather served to bring into a brighter light his 
truth and integrity. Another Bource of great an- 
noyance to him at the same time was the opposition 
given by Sir Humphry Davy, through a motive 
of petty jealousy, to his election as Fellow of the 
Eoyal Society. His conspicuous ability, however, 
triumphed over all obstacles, and on January 8, 
1824, he was all but imanimously elected. Faraday 
tells ns that he sought and paid for this title, but 
it waa the only one he ever afterward solicited. 

The first mark of honor paid to Faraday's sci- 
entific labors was in his thirty-second year, and 
came from the Cambridge Philosophical Society. 
The same year he was elected corresponding mem- 
ber of the French Academy of Sciences, and of 
the Accademia del Georgofili of Florence. During 
his lifetime Faraday received ninety-five honorary 
^titles and marts of merit from learned bodies 
jroughout the world, all coming voluntarily aiu 
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nnBolicJted. In his thirty-fonrth year he was ap- 
pointed Director of the Laboratory of the Royal 
Society, 

Famday always had one of the kindliest natures. 
When in the height of his fame, one of hia nieces 
Bays of him; "In times of grief or distress his 
Bympathy was always quick, and no scientific occu- 
pation ever prevented him from sharing personally 
in all our sorrows, and comforting us in every way 
in his power. Time, thoughts, parse, everything 
was freely given to those who had need of them." 

On October 17, 1831, being in his fortieth 
year, Faraday made the great diecovery of his 
life, and one that will mako his name famous 
for all time to come. He discovered magneto- 
electricity. It was the reward of seven years of 
unceasing labor and unwavering scientific faith. 
In ISM he had reasoned himself into the be- 
lief that this discovery was possible. Professor 
Oersted, of Copenhagen, about twelve years pre- 
viously, discovered by accident electro-magnetism, 
or, that a ctirrent of electricity, passing through 
a wire coiled around a piece of soft iron, will 
magnetize the iron. Faraday, not by accident, 
but as the consequence of a clear idea, discovered 
magneto-electricity, or that a magnet will induce 
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L electric current in a coil of wire. The instant 
magnet is inserted in the coil, it induces a 
current in one direction, and when it is with- 
drawn it induces a current in the opposite direc- 
tion. These currents are but nionientary ; wlien , 
the magnet resta in the coil, no electricity is peivJ 
ceptible. ^ 

These electric discoveries of Oersted and FarSr 
day have a parallel in the history of astronomy. 
William Herscbel, in sweeping the heavens with 
bis telescope, fell by accident upon the planet 
Uranns, thinking it at first a comet. Urbain Le 
Verrier, from disturbances recognized in the mo- 
tions of the known planets, computed the exact 
place and size of Neptune. As tlie telegraph 
is the offspring of electro-magnetism, so the elec- 
tric light is the product of magneto-electricity. 
There is the highest scientific anthority for saying 
that this discovery of Faraday is the greatest ex- 
perimental result ever obta,ined by an investigator. 
Hill skill as an experimenter was eo delicate 
md ingenious, and his illustrations as a lecturer 
physics so lucid, tliat in these particulars 
Faraday was never excelled. lie left no form of 
electricity untouched in his endeavors to identify 
rthem all. 
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AltlioDgli Faradaj did valnable Bervice for 
every brancli of physics, lus three great diseover- 
168, magueto-electricity, voltaic induction, and defi- 
nite electro-chemical decomjjosition, were in elec- 
tricity. The record of his labors in electricity is 
contained in his " Experimental IteBcarches," pre- 
Bcrved in the " Philosophical Transactions " of the 
Royal Society, 

It is, indeed, a marvel how one man could 
have acoompliBhed the work reported in these 
papers. Fai-aday never bad but a very email 
Balary, and for the prosecution of hie esperimenta 
he had to depend entirely on this salary, so that 
he says of himself and his assistant, "We were 
living on the parings of our own skin." 

His researches in dectrieity occupied him 
twenty-six years. In 1S55 Professor Keiss, of 
Berlin, at that time the greatest statical electrician 
in Europe, says of these " Kesearches " : " What 
a wonderful work these researches are in every 
respect 1 Incomparable for exhibiting the greatest 
progress for which science ever was indebted to 
the genius of a single philosopher, highly instructs 
ive by indicating the means whereby the great 
results were found. If Newton, not quite with- 
out reason, hsis been compared to a man who as- 
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cends to the top of a building by the help of a 
ladder, and cuts away most of the steps after he 
has done with them, it must be said that Faraday 
has left to the follower, with scrupulous fidelity, 
the ladder in the same state as he has made use 
of it." 

His biographer, Dr. Bence Jones, tells us that 
Faraday's first great characteristic as a philosopher 
was the trust which he put in facts; and his 
second was his imagination, which sometimes rose 
to divination or scientific second-sight The beauty 
and nobleness of his character as a man were 
formed principally of these three great qualities — 
truthfulness, kindness, and energy. 



CHAPTEE IV. 

STATICAL OB COMMON ELECTSICTTY. 

Thb word itself, electricity, is derived from 
the Greek of BmbeVj electron ; because it was while 
rubbing amber that the property was first per- 
ceived. For the first mention of this great natural 
agent we must go back to the writings of Thales 
of Miletus, in Asia Minor, one of the seven wise 
men of Greece, who flourished about 600 years 
B. 0. This philosopher relates the fact that, when 
amber is rubbed with a silken cloth, it will at- 
tract light bodies. 

Gilbert of Colchester (1600 a. d.), Otto von 
Guericke (1672), Hawksbee (1709), and "Wehler 
(1729), bring electricity down to Franklin, Gray, 
and Du Fay, who between 1730 and 1760 may 
be said to have systematized the science. 

Common electricity, also called statical, is 
generated by friction. When a tube of glass is 
briskly rubbed for the space of a few seconds 
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Ewith a. dry woolen cloth, the tube will become 
escited, and, if approached toward small pieces 
of paper or cork lying on a table, will first at^ 
tract them, causing them to leap toward it, and 
then repel them, sending them flying back to the 
table. Once they touch the table, the tube will 
again attract them, and again repel them, and so 
on, while the tube continues excited. 

Pieces of amber, sticks of sulphur or resin, 
when rubbed with dry flannel, will act similarly. 
If, however, a small ball of pith of elder be sus- 
pended by a long silk thread from a convenient 
support, and an excited glass tube be approached 
toward it, the tube will at first attract and then 
repel it, and will continue thereafter to repel it 
□ntil it tenches some substance in connection 
witli the earth, and is thus deprived of this new 
property imparted to it by the excited tube. And 
if this pitb-baU, thus repelled by the excited glass 
tube, and while still being bo repelled, be ap- 
proached by a piece of eealing-wax or other 
ons substance, also excited by being rubbed wit 
dry flannel or silk, the ball will be instantly at-* 
tracted by the sealing-wax or resin, held for a 
short space, and then repelled. If a pith-ball be 
suspended freely by a silk thread between exciti 
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glass and resin, it will oscillate between them like 
a pendulum, being alternately attracted and re- 
pelled by each. Two pitb-balls suepended freely 
by Bilk threads and hangijig close together, when 
similarly excited by a glass rod, will repel each 
other. They will also repel each other if Bimilar- 
ly excited by a piece of sealing-wax, but if one 
be excited by rubbed glass, and the other by 
rubbed sealing-wax, they will attract each other. 
From these simple experiments it is inferred that 
there are two kinds of electric excitement, the. 
one of glass, called vitreous or positive, and the 
one of resin, called resinous or negative. And 
from these same simple phenomena the great law 
of electricity has been deduced — that electricities 
of the same name repel, and those of different 
names attract each other. 

When glass is rubbed with a woolen cloth, 
the electricity of the glass is positive, and that 
of the cloth is negative ; but when glass is rubbed 
with cat's fur, the fur is positive, and the glass 
negative. ScaKng-wax becomes positive when sub- 
mitted to the friction of metallic bodies, and neg- 
ative when rubbed with most other substances. 
Thus bodies, by being rubbed with different ma- 
terials, may pass from the vitreous or positive 
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^^^^B the resioous or negative claSB. To know tbe ] 
^^^Hsiture of the electricity of any rubbed Bubstaoce, 
I we must koow with what it is rubbed. In tbe 

following enumeration, each substance, when rubbed 
by any one preceding it, is negatively electrified} 
by any one Hucceeding it, positively: Eack of s I 
cat, smooth glass, woolen cloth, feathers, wool, I 
paper, silk, lac, rough glass, sulphur. 1 

A pith-ball, suspended by a silk thread, and 1 
I excited by rubbed glass or reain, will retain ita I 

electricity for a long time, if only surrounded by ] 
' dry air; but if touched by the hand or a metal I 

rod, it parts instantly with its electricityj while | 
glass, resin, or silk will scarcely remove it at all. I 
Some bodies, therefore, conduct electricity very ] 
well, and some others not so weU ; although all I 
bodies conduct it in some degree. So bodies are " 
said to be good or bad conductors. If the eleo- 
I trifled pith-ball be surrounded by damp air, or 

^^^^Mr containing vapor, instead of dry air, it will 
^^^Kk its electricity quite rapidly. Dry air is a bad | 
^^^Hesductor, but water is an excellent conductor, ' 
^^^and so the vapor of water, when mixed with the 
air, adds to its conducting power. The following 
^^^BUbstances are the best conductors, and in the 
^^Hvder named: The metals, cliarcoal, plumbago,! 
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pure water, moist bhow, steam and Emoke, vege- 
tables, and animals. Among bad or Don-conduct- 
ors are resins, amber, sulpliur, wax, fat, glaGS, 
precious stones, silk, wool, hair, feathers, cotton, 
paper, dry air, baked wood, and India-rubber. 
These latter bodies are also called insulators, for 
they insuiate or confine electricity. 

An instrument by wliich the presenee of elec- 
tricity is detected is called an electroscope. There 
are many different forms of the instrument, but 
one of the most delicate is the gold-leaf electro- 
ecope. This simple apparatus coneists of a glass 
jar having a short, braee rod running down through 
its wooden stopper. From the end of the rod 
within the jar are suspended two gold leaves, 
hanging side by side. As soon as any electrified 
body is touched to the brass rod, it conducts the 
electricity to the gold leaves, which, being thoB 
similarly electrified, mutually repel each other. 

Electrometers are instrnments employed to meas- 
ure the quantity of electricity, and among the most 
ingenious is Coulomb's torsion-balance. The outer 
part of this electrometer consists of a glass cage 
having a long, slender glass neck. Down through 
this neck, and reaching to about the middle of the 
cage, runs a light film of spun glass, having at- 
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tached to it a light beam of gum-lac, ending in a 
gilt pith-ball. Almost in connection with this pith- 
ball is another gilt pith-ball, the terminus of a brass 
rod coming down from the top of the cage. This 
latter ball is called the carrier-ball. The upper end 
of the glasa thread terminates in a key fnrnished 
with an index moving aronnd a circle graduated 
into 360". When an excited body touches the rod 
in connection with the carrier-ball, this ball be- 
comes electrified, and imparts some of its electricity 
to the other pith-ball. The two balls are thus simi- 
larly electrified, and the carrier-ball, being station- 
ary, repels the other ball. The key at the top is 
turned nntil, by twisting the glass film, the two 
balls are again brought together. The number of 
degrees through which the key has to be turned 
to overcome the repulsion is a measure of the tor- 
aion, and so is an approximate measure of the quan- 
tity of electricity. Coulomb found that two bodies, 
differently electrified, attract each other with a 
force inversely as the squares of their distances; 
and two bodies, similarly electrified, repel each 
other with a force varying inversely as the squares 
of their distances. 

A cheap and simple way of generating electrici- 
ty is by the electrophonis. It cousifits of a shallow, 
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circular tray of tin, about a foot in diameter and a 
ineli deep. Melted sealing-wax, or a mixture ot\ 
two parts of ebell-lao and one of Venice turpentine, 
or, indeed, any resinous preparation, ig poured into 
this tray until it is about half filled, let gradually- 
cool, and made as smooth as possible. A disk ofl 
brass, a few inches less in diameter than the trayJ 
and having a glass handle, is provided, to be plat 
over the tray. The resinous cake is brieWy rubb( 
with dry flannel, and is thereby negatively electr 
fied. The brass disk is then placed on the traj^ 
whose negative electricity attracts and holds th^ 
positive electricity of the brass disk, thns setting 
its negative electricity free, and, if the disk be 
touched by the hand, the negative electricity will 
be carried to the earth, leaving the disk positively 
electrified. If, then, the brass disk be raised by the 
glass handle, and a conductor approached toward 
the disk, it will emit a positive electric spark. This 
process may be repeated a great number of times, 
as the negative electricity of the resin is not con- 
ducted away, but merely acta by induction on the 
brass disk. In the best form of electrophonis the 
disk, when in place, is connected with the ont- 
BJde of the tray by means of a tiny brass rod. 
This avoids the trouble of touching the disk 
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with die finger to cariy off the free negative ] 
fluid. 

When large quantities of electricity are sought, ] 
an electric machine muBt be employed. Probably ] 
the best form of machine now used is the plate 
machine. This consists of a large circular plate of 
glass supported on an axis between two wooden 
upriglits, and turned by a winch. Attacljed to the 
uprights are two pairs of cushions preseing tightly 
against the glass plate. These cushions are con- 
nected with the earth by means of small brass 
chains. The prime conductor is a hollow arm of 
brass, forming three eidea of a rectangle, and ioeu- 
lated on glass legs. The prime conductor conneeta ] 
with the glass plates by means of a number of brass 
points approaching to within about one eighth of 
an inch of the plate. An amalgam is applied to 
the part of the cushions in connection with the 
surface of the glass plate. Two parts of zinc and 
one of tin, melted together, and added to sis parts 
of mercury, previously heated in a crucible, make I 
the best amalgam for tlie electric machine. The ' 
mixture, being stirred until cold, is readily reduced 
to a fine powder, wliich requires merely to be 
formed into a paste witi lard to be ready for use. 
When about to be used, the electric machine should I 



r 



43 ELEOTEICITY AND ITS DISCOVERERS. 

be placed in a dry, warm room, the plate rubbed 
well with a woolen cloth, and a little fresh amal- 
gam applied to the caehions. By the friction of 
the plate agaiDBt the cuehions the electricity of the 
cuehiotis is decomposed, the negative being carried 
off by the chains to the earth ; the positive holds 
the negative of the glass, setting it8 positive free, 
and this free positive draws the negative of the 
prime conductor, setting its positive free. Thus 
the prime conductor ia positively electrified by 
giving up its negative electricity to the glass plate. 
To work the machine to advantage, one thing is 
imperative, which ia ordinarily much overlooked, 
and it is, that the cushions must be connected with 
the earth by means of a good conductor. If pos- 
sible, tliis connection should be made with the lead 
pipes supplying the house with water. 

For purposes of experiment, when it ia desir- 
able to store a large quantity of electricity to be 
carried from place to place, we must have recourse 
to the Leyden-jar. This consiets of an ordinary glass 
jar coated on the inside and on the outside witli 
tin-foil to within a few inches of the top. Fitted 
to the mouth of the jar is a wooden stopper, 
through which a long brass rod is passed, termi- 
nating on the ontside in a large braes knob. The 
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'er end of the rod must be connected by a chain 1 
other good condactop with the inside coating of ' 
le jar. When the knob is touched to the prime 
inductor, the inside coating, being in immediate 
connection with it, becomes positively electrified. 
The positive electricity of the inner coating acts 
by induction through the glass on the outside coat- 
ing, decomposing its electricity, attracting and hold- ■] 
ing fast the negative, and setting free the positive, • 
■which escapes by means of the hands to the earth. 
The jar must be held in the hands or otherwise 
connected by a good conductor to the earth, that 

positive eleetricity may escape, oi* the jar will | 
lot be charged. There ia then free negative ele* * 
trieity on the tin-foil of the outside, and free po9- 
tive electricity on that of the inside, separated by 
the glass, which is a bad conductor, and so prevents 
,em from uniting. If the outside coating be con- 1 
;ed with the knob by a good conductor, the! 
electricities will rush together with a vivid flash. 
"When the connection is made by means of the 
hand, we experience a shock, called the electric 
shock. The negative eleetricity on the outside of J 
the glass, attracted and held by the positive of the J 
inside, is said to be bound, and eleetricity so bound 
receives the name of statical. It is now the gen- 
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eral impreSBion that the electricitira are confined 
to the surfaces of the glass jar, instead of to the 
tin-foils, and that the coatings serve merely as con- 
ductors. The coatings, when removed from the 
charged jar, give no evidence of free electricity. 
"When restored to the jar, it is found that the jar 
is still charged. "When the Leyden-jar will receive 
no more electricity from the prime conductor, it is 
said to be charged or saturated. 

The Leyden-jar had not only an accidental 
but a very simple origin. Cimeue, of Leyden, in 
1746, ■while trying to electrify a glass of water 
with a wire charged with electricity, holding the 
glass in one hand and removing the wire with 
the other, felt a sharp shock. The hand holding 
the glass acted aa the outer coating, and the 
water the inside coating, of the Leyden-jar, The 
electrified wire charged the jar, and when the 
hand touched the water in withdrawing the wire, 
connection was formed between the ontside and 
inside coating, completing the circuit and dis- 
oharging the jar. 

A number of Leyden-jars, bo arranged that all 
the outsides are united and the insides connected 
by means of the knobs, form an electric battery. 
The battery may be discharged by connecting the 
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inside with the ontside of any single jar. A baf^ I 
tery thua arranged gives great quantity, but, if 1 
the outside coating of each in enccession be con- 
nected with the inner coating of the next, and 
the battery be discharged by joining the outer 
coating of the first with the inner of the laat, 
great intensity is obtained. 

Often it is inconvenient, and eometimea even | 
dangerous, to discharge an electric battery by the 
hand, bo that a discharging rod is used, consisting 
of two brass arms terminating in large brass 
tnobs, and joined together by a hinge. The arms 
are provided with glass handles. 

The electricity is confined entirely to the sur- 
face of the electrified body. This is easily proved 
by exciting a hollow cylinder of braes, and intro- 
ducing into its interior an electroscope. The 
interior will not give the faintest trace of excite- 
ment. 

The quantity of electricity depends altogether 
upon the superficies, and is not influenced by the 
mass. The greater the surface over which a given 
quantity or amount of electricity is spread, the 
less the potential, or tension, of the flnid. WheD 
two large globes of brass of equal size are insa- 
lated, and one of them ia charged and then con- 
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nected with the other, it is found that the charge 
is equally divided between the two, and that the 
potential, or tension, of either one is only one 
half of that of the originally charged globe. 

On a Bpherieal Burfa.ee the tension of the elec- 
tricity is uniform, but electricity concentrates on 
points or projections. A prime conductor having 
a number of points will soon part with Its elec- 
tricity, the air carrying it off rapidly from the 
points. 

A jet of steam issuing from a boiler will gen- 
erate large quantities of electricity. Arraatrong 
contrived a steam electric machine of wonderful 
power, and called it the hydro-electric machine. 
It is safe, however, to let this apparatus alone; 
for there is always inaminent danger of an ex- 
plosion. 

la electricity a material substance, a single or 
double fluid, or a property of matter? The real 
nature of this subtile agent is unknown. In a 
latent state, it pervades all substances without 
afiecting their volume or temperature, without 
adding to or snbtracting from their weight ; nor 
does it interfere with the power of cohesion in 
bodies. There are two theories of electricity that 
have much prevailed — the one of Dr. Franilii], 
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and the other of Du Fay. According to the 
Franklinian hypothesis, there is a single, highly 
elastic, imponderable fluid pervading all matter 
In the nnexcited Btate, it is tmifomly distributed 
through bodies. When a body becomes electrified, 
it either loses or gains more than its normal 
amount of the fluid. Thus, when glass is rubbed 
with silk, the glass becomes over- and the silk 
under-charged. A body overcharged is said to be 
in the positive, and undercharged in the negative 
state. The theory of Du Fay supposes two of 
these subtile fluids existing in combination in all 
substances, when in the natural or unexcited con- 
dition. These fluids are self -repellent, but attract 
.each other. The friction of two bodies, such as 
glass and wool, separates the fluids, the glass tak- 
ing one and the wool the other. These fluids 
receive the names of vitreous and resinous. In 
favor of the two-fluid theory, it may be remarked 
that, when a charge is passed through a card^ 
there is a burr on both sides, showing the action 
of a double force; also, that the shape of the 
spark of positive electricity is a brush; of the 
negative, a star. 

Dr. Faraday thought electricity a mere power 
of matter, like the attraction of gravitation; and 
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spent much of his time trying to show that light, 
heat, and electricity were all modifications of one 
common principle. The conviction that electricity 
is a wave of polarization, passing along conduct- 
ors, seems now to prevail with philosophers. 



CHAPTER V. 

ATMOSPHEBIO ELEOTBICnT. 

Obdinabilt, in clear weather, the atmosphere 
is found to be slightly charged with free positive 
electricity. The first evidence of this condition 
of the air is detected by the gold-leaf or other 
electrometer, at the height of about four feet from 
the ground. The electricity of the four feet of 
intervening atmosphere is disguised, or neutral, like 
that of the glass between the outside and inside 
coating of a Leyden-jar. When the atmosphere 
has free positive, the earth's surface is found to 
have free negative, electricity; this is the conse- 
quence of induction, but whether it is the action 
of the air on the earth, or of the earth on the 
air, is not so evident. Peltier attributes it to the 
earth's surface having always some free negative 
excitement. 

As we ascend upward, the electric tension grad- 
ually increases. An innumerable number of meth- 

8 
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' odB have beea employed for teBting the electric 

I state of the atmosphere at all altitudes. An jn- 

■ genious test was made on the Great St. Bernard, 

I by shooting an aiTow attached to a long cord cov- 

I ered with tinsel, in different directions. The cord 

P was also connected with a stationary gold-leaf elec- 

trometer. When the aiTow was shot in a horizon- 
tal direction, the leaves were unmoved, but when 
in a vertical one, the leaves parted more and more 
as the arrow flew upward. The ordinary way of 
testing the electric condition of the air is by 
means of a long vertical pole, bearing a wire at- 
tached to an electrometer. 

The electric potential of the air is weabeat be- 
fore sunrise, and strongest just after sunrise ; it then 
diminishes and reaches its weakest point once more J 

a few hours before sundowa, after which it a sec- I 

ond time increases until, during the night, it again 
attains its strongest point, and then decreases until 
near morning. The tension is greatest in fogs, and 
during frosty weather, and least in hot weather J 

and just previous to rain. Atmospheric electricity I 

is far more intense in winter than in sommer, and 
seems to grow in force with the growth of the cold. 
When the sky is overcast, and the clouds are 
moving in different directions, the electric eondi- 
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tion of the air varies, and sometimes very rapidly. I 
Now it is negative, and in a few momenta posi-^ 

live, and different strata lying very close together 
may have difierent electric states. There are a 
great many different opiniona eonceming the cause 
of this free electricity in the air. The matter is 
very unsettled. Scientists have as yet arrived at 
nothing definite, some alleging one cause and oth- 
ers another. 

A combination of the causes may he the near- 
est to the truth. Combustion on the earth's buttJ 
face, e vaporization, animal and vegetable life, I 
chemical action, friction of the air against the 
ground, and the unequal distribution of heat ' 
the different strata of the air, may each, in alt 
probability, add its pro resta to the electric store- i 
hoaso of the clouds. 

A cloud ia a vast collection of minute hollow 
vesicles of water, and is a fair conductor of elec- 
tricity. Because they are good couductore, and bo 
gather up the loose electricity, clouds usually con- 
tain a considerable quantity of it in the free state; 
When clouds differently charged come close 
gether, they neutralize one another by a viviiS 
flash. This is the lightning-flash. AVhen an o 
Leharged cloud is neutralized by the earth, th^ 
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lightning-flash ia between the elond and the earth. 
This is the flash that worts mischief, and which 
is BO much dreaded. 

Dr. Franklin was the first to prove the iden- 
tity of lightning with electricity. This he did at 
Piiiladelphia, in 1752. Every one, of course, is 
famihar with the story of Franklin's kite. It was 
fashioned after the manner of an ordinary kite; 
silk, however, being used instead of tissue-paper. 
Connected with the string, and extending above 
the head of the kite, was a pointed iron wire. 
A key was attached to the lower end of the 
Btring, and to this key wdz tied one end of a short 
eilk ribbon, whose other end was fastened to an 
upright post. The silk, being a non-conductor, 
insulated the string. This insulation was neees- 
sary ; otherwise the electricity would be con- 
ducted off imperceptibly. Wlien the storm-cloud 
came on, the string was saturated with rain, and 
became a good conductor, so that the electric fluid 
ran down it, and, with a vivid flash, leaped to any 
conductor approached toward the key. A sliort 
time afterward, Komas, in France, by using a 
much longer string, received from the storra-clouds 
vivid electric flashes, ten feet long, accompanied 
by reports aa loud as that of a pistol. Professor 
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BicIimaDn, of St. Petersburg, in 1753, experimented 
during a thimder-Btorm with a long, pointed con- 
dnctor reaching high into the air. The professor 
made the inBuUtor eight feet long, and, standing 
too close to the terminus of the conductor, a great 
charge passed through his head, singeing his waist- 
bands, bursting open his shoes, and killing him in- 
stantly. 

Two clouds, difEerently charged, act on one 
another by induction similarly to the coatings of 
the Leyden-jar, the air separating them taking the 
place of the gkaa. When they approach bu£B- 
eiently cloao that the electric tenBioii is powerful 
enough to overcome the resistance of the non-con- 
ducting medium between, the opposite fluids noite 
by a £ash. A cloud and the earth act similarly, 
when the cloud approaches near enough to the 
earth. Clouds part with their charge to the earth 
at Tarions heights, all depending on the force of 
their electric tension. Lightning has been ob- 
served to dart to the earth from thunder-clonda 
having a vertical height of 26,650 feet, and these 
clouds have been known to be only 83 feet from 
the ground wiiea they emitted their spark. 

Though the vesicles of the cloud are similarly 
electrified, they do not repel one another, becanso 
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of the indacting inflnence exercised by the neigh- 
boring cloud or the earth. When a feather is 
placed on the prime conductor, ita fine fibers fly 
apart, being similarly excited ; but i£ the hand be 
approached toward the feathers, the repalsion dis- 
appears under the influence of the hand's induc- 
tion, and all the fibers of the feather reach out in 
one direction toward the hand. The vesicles of a 
cloud in the vicinity of another cloud or the earth 
act Bimilarly, Slate-gray clouds are negatively, 
and white, red, and orange-colored clouds positive- 
ly electrified. 

The lightning, or light, is cansed by the re- 
sistance of the air to the passage of the electric 
discharge. The air being a non-conductor, elec- 
tricity has to force its way through it with the 
greatest violence. This violent passage of the 
current through the air causes a wonderful com- 
pression of its particles, and this compression 
produces the vivid light. Lightning is merely a 
mechanical efEoct of the electric current. Light- 
ning is principally of three kinds — zigzag, sheet, 
and ball lightning. The zigzag is caused by a 
discharge from a cloud at a great height from 
the earth. The fluid, in its downward journey, 
always seeks the path of least resistance. Moist- 
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IB a fair conductor, and, as the distribation 
iDoietare through the air is very unequal, 80 
tho earreiit, in following it, must take a zigzag 
couTBe. The zigzag streak, meeting with more 
than ordinary resiatance, is broken np into two, J 
three, or more streaks, Sheet-lightnirg 
broad flash nn accompanied by sound, and, foTi 
the most part, is from one cloud to another, 
is sometimes the reflection of distant lightning 
It is also called heat^-lightning, as It is said t)oM 
presage heat. 

Ball- lightning is a fearful thing indeed ; mnok I 
dreaded, and nobody bnowe precisely what it is. J 
Many consider it a meteor that falls from the I 
clouds during a more than ordinarily violent 
thunder-storm, and that it is not electricity at 

_al]. It is difficult, however, to understand how 
Ineteors can be so accommodating as to be ona 
land just when called for by these violent eletvl 
tnc explosions. That this globular appearance is 
duo to an uninterrupted discharge of electricity, 
is the most probable opinion. This glowing ball 
will set fire to any combustible material it hap-J 
pens to come in contact with; lightning-rods orbM 

mno protection against it; and it occupies severti 
^^nds in its passage. This latter fact is thfl 
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keniel of the difficulty. How lightning can con- 
sniue several eeconda in traveling over the space 
of a few miles, is inexplicable. Wheatstone, after 
much industry with a very delicate contrivance, 
made up his mind that the velocity of electricity 
is 288,000 miles per second, and no one ever 
estimated it below 13,500 miles; 8o that this 
phenomenon of the fire-ball has yet to be Batis- 
factorily explained. 

The distance of the lightning-flash can easily 
bo computed by counting the number of seconds 
between the flash and the sound. The flash is 
instantaneona, while the average velocity of sonnd 
throogh the atmosphere at a temperature of 00" 
Fahr, is 1,125 feet per second. Ten eecondfl 
would show a distancB of 3,750 yards, or more 
than two miles. 

The thunder, most probably, arises from the 
vibrations prodneed in the air by its sudden and 
violent compression. The rolling is attributed to 
echo. But thnnder rolls equally on the sea as on 
the land. Driven from echo, many philosophers 
try to account for the pccnliarity of the rever- 
berations by saying that, though the flash is in- 
fltantaneons, still the sound, being so much slower, 
and breaking forth from all the points along the 
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of the Saeb, reaohes the ear at different 
intervals. In this case, however, thnnder ehotild 
Kgin at its loudest and gradually die away; 
Bbuse the sound cooiea iirst from the nearest] 
Kiints, and then from points more and more dis- 
tant. On the contrary, distant thunder is just 
audible at the beginning, gradually gains in 
rgtrength, and again grows fainter, till it dies J 
taway. The best explanation yet ventured seemsa 
to be, that the zigzag course of the Qash makeal 
80 many different angles that the waves of sound I 
Bometimea intermingle and sometimes interfer^.1 
weakening or Btrengthening each other, as the I 
case may be. It is said that the sound of thun- I 
I dsr has never been heard farther than fourteen | 
miles from the flash, whereas the guns of Water- I 
"oo were heard 115 miles away. When a shai^pji 
loud peal accompanies the flash, the stroke . 
the immediate neighborhood. 

Men and animals are known to have beoQi 
killed, although at quite a distance from wher^ 
the lightning actually struck. This is done hy^ 
Qie returning shock. When a cloud is positively 
uectrifled, it induces negative electricity in the 
irth's surface beneath it, and also in all objects _ 
I that sui"face. Wlien a cloud, consequently, 
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^^^■■^eavil; charged witb free poaitire electricity, al 
^^^r m&u jUBt beneath it becomee stronglj charged! 
F with the free negative fluid, owing to indao-l 

I tion. Then, if a tree or other object discharge! 

^^^■^tbe cload, restoring its electric equilibniim, there 
^^^■beiDg nothing left ia the cloud to hold the ' 
^^^H negative charge in the man, the negative niBhes 
^^^Hnway from bim with encb violence as to killj 
^^^■'Itim. 

^^^^ Lightning-rode, or paratonnerres, owe thei^| 
I origin to Dr. Franklin. Their purpose : 

■ conduct the electricity from tbe doud to th^ 

^^^L earth sCently, imperceptibly, and harmlessly. 
^^^H Silectricity always eelects and follows the best 
conductor. The rod should be a good con- 
ductor, and attached to the walla by wooden 
fastenings. The rod being a much better con- 
ductor than the walls, trees, or air, will be 
selected by the electric spark. The rod must 
reach above the building to be protected, be 
strictly continuous, with good and perfect join- 
ings, and run down a considerable distance into 
the moist ground. The best material is copper; 
but if iron, it mnst be at least three fourths of 
«n inch in thickness. It should be pointed at 
le top, as points have au infinite power of con- 
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loction. If the joinings be poor, and the roil 

Mely pnt together, the eorrent may leave ifr^C 

ind pass through the honse. If the rod be too4 



may 



be fused, in which 



also the*! 



ig may pass through the building. I 
there be metal gntters on the honse, they should 
for greater safety, be connected by metal strips J 
with the rod. The ground end of the rod :l 
should run in a direction away from the build- -i 
ing, penetrate at least six feet into the earth, and 
terminate in powdered charcoal, both to preserve 
_it from oxidizing and to improve the conduc- 
The lightning-rod does not attract the 
but, when the charge must pass to the 
earth, the rod directs its conrse. The condncting 
power of the rod's point is so wonderful, that it 
disarms the cloud imperceptibly, stealing its thua- 

■, and preventing a flash. The rod will protect J 
. space all around, the shape of a cone, whose-! 
apex is the top of the rod, and the radius of 
whose base is twice the length of the rod. The 
most dangerous place to etaod during a thunder- 
LB under a tree or beside a tall building, 
: man being a better conductor than the tree 
r boilding, the current will leave these objects 
I pass through him. Man is a fair conductor, 
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and will be selected by the flnid in preference to 
tuoBt Bobstances, tbe metalfi excepted ', and not 
being a perfect conductor, the fluid kills bim. 
Lightning runs down tLe outside of a tree, be- 
cause it is a better conductor than the inside; 
and tbe inside of a man, because tbe fluids of 
the body are better conductors than the skin. 
"When lightning strikoa a man or an animal, it 
tills, because of the violence of the shock to the 
nervous Bystera. In a house unprotected by a 
lightning-rod, tbe safest thing to do is to lie 
down in a feather-bed in the middle of a room 
in the middle story. Feathers are non-conductors, 
and the position ia out of the lightning's course. 
The attic and cellar are places of danger, as the 
fluid sometimes flashes from tbe earth to the 
cloud, and sometimes from the cloud to the 
earth; so that these places may be directly in its 
course. Standing near tbe fireplace, in a draught 
near an open window or door, leaning against a 
wall, are also attended with more or less danger. 
Smoke is a conductor, and may carry down the 
fluid into a person's body. The lightning may 
run down the walls of a house, or the large 
timbers near the open door or window, and so 
leave these to pass throngh the human body. 
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To be in a crowd of persona or near a herd 
: animals is dangerona, as the agcending vap< 
Win a good conductor, and bo many bodies offer a I 
■large eond acting space. The best place for 
■jerBon outside would be twenty-five or thirty 
lieet from a tree, lofty building, or stream of 
water. Lightning Beldom damages ehips or Bteam- 
boats, because water is so excellent a conductor, 
and the vessels so poor, that the fluid will not 
be diverted by them from its course ; and tliey ■ 
will not be stmek, unless tbey are ia tlio dire 
lino of the flash. 

Lightning is entirely too ranch feared; the 
risk of being killed by its stroke may be said to 
_be infinitely small. There is far more danger t* 
encountered in the ordinary walks of lifeJ 
Ihe deetrjc flash purifies the air, by generating 
nitric acid and ozone, or tritoxide of hydrogen. 
Both these fiubstances have a tendency to destroy 
^animal and vegetable putrefactions. The eleo- 
IricJty of the atmospliere has a wonderful in- 
9Snenee on both the animal and vegetable king- 
doms, directly affecting the nervous system and 
the circulation of organic juices. Much of the 
. Btimnlant we experience on a fi'osty morning i 
■due to the extra quantity of electric excitemed 
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produced by the friction of the wind against the 
frosty ground. 

As Dr. Franklin gave the first impetus to 
the study of atmospheric electricity, the next 
chapter will be devoted to that great aa/vant 



CHAPTEE VI. 

BENJAMm FBANKLIN. 

Benjamin Fbanklin, our own dear philoso- 
pher, was born in Boston, January 17, 1706, of 
Josiah Franklin and Abiah Folger, youngest daugh- 
ter of Peter Folger, one of the first settlers of 
Nantucket Island. At the time of Benjamin's 
birth his father was a soap-boiler and tallow- 
chandler, though his ancestors, for upward of 
three himdred years, were village blacksmiths in 
Old England. His father was very poor, and 
had seventeen children to support, yet it seems 
they were all happy. Jane, the fevorite sister of 
Benjamin, said of their early home: "It was, 
indeed, a lowly dwelling we were brought up 
in, but we were fed plentifully, made comfort- 
able with fire and clothing, had seldom any 
contention among us; but all was harmony, 
especially between the heads, and they were 
universally respected." 
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I BeDJamin was earlj Bet apart by liis parents 

I for the Church, and with this view was eent, 

when eight yearB old, to tlie Boston Gramraar- 
School, In lesa than a year he reached the head 
of his class. His father, however, after mature 
thoTight, changed his intention of devoting his 
son to the service of religion, being of opinion 
that the members of the ministiy in America 
were too poorly recompcneed. Accordingly, he 
was withdrawn from the Gram mar-School, and 
sent for a year to George Brownwell, a master 
Biilled in arithmetic and penmanship. This ended 
his school career, and when only ten years old 
^his father took him into his own business of 
soap-boiling, which business the little Eenjamia 
Yery heartily despised. His two earliest passions 
were for books and swimming. He was never 
excelled as a swimmer, and he may be said to 
have devoured books. He had the precious fac-. 
ulty of extracting from a book the one thing to 
which it owed its value. Among his first read- 
ings were Burton's " Historical Collections," Plu- 
tarch's " Lives," and Defoe's " Essay upon Pro- 
jects." 

Seeing his growing fondness for boobs, and 
his persistent dislike to hia father's shop, his 
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parents conclucled to give bitn a trade kindred 
to his tastes. In bis twelfth year he was ap- 
prenticed for nine jeara to his brotbcr James, 
who was a printer. This Jamea FranVlin, Angust 
17, 1721, published a email newspaper, called the 
" New England Courant." It is easily understood 
that a newspaper was at that time a raritj and a 
risk, when it is considered that tlie first London 
newspaper appeared in 1622, the first French one 
in 1633, and the first American, at Boston, on 
the 25th of September, 1G90. The young Benja- 
min had a great ambition to become a good Eng- 
lish writer. All hi& leisure momenta on work-daja 
and the greater part of Sraiday were given to 
study, and he contributed several pieces surrep- 
titiously to the "Courant." When his brother 
discovered that he was the author of these con- 
tributions, which were of coHsiderable meiit, he 
teeamo quite incensed against him, and thence- 
forth treated him with great harshneBs. 

In 1723, being in his eighteenth year, Benja- 
min resolved to no longer bear his brother's con- 
tinned ill usage, and, without the knowledge of 
hia family, ran nway to New York. Ilere fail- 
ing to obtain employment, after some rough ex- 
perience and much fatigue, being penniless, he 
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made hia way to Philadelphia. In this city, after 
s short struggle with adverse circumstances, he 
obtained work at the printer's trade. Tho 
worthy Governor of Pennsylvania, Sir Williartj 
Keith, lured the young man from his work, and" 
sent him, with false promises of assistance, to 
England, to purchase a printer's plant, that he 
might set up in business for himself. On read 
ing London, he discovered the perfidy of '. 
supposed benefactor, and finding himself in a 
strange country, without friends, and with no 
means of returning home, he sought, and fortu- 
nately found, employment at his trade, 
worted in London for a year and a half, i 
then returned to Philadelphia in company with i 
merchant named Denham, with whom he had 
contracted a close friendship. On reaching Phila- 
delphia, Denliam employed him as a clerk, 
after, on the death of this merchant, he lost '. 
clerkship, and returned to his old business 
journeyman printer. About this time ho started 
the celebrated club called the Junto, its object 
being the mutual self-culture of mechanics. 
became very famous. In the spring of 172^ 
Franklin, by the aid of a few kind friends, i 
enabled to start a printing-office of his own. 
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wonderful industry, great taet, and Bcrnpnloua 
honesty won enccess. Besides printing, he east 
typos, cut ornamenta for title-pages, made his ] 
own ink, and even the lamp-black for the ink. • 
Such unflagging energy as his mnat always pros- 
per. One of his neighbors remarked of him at 
this time: "The industry of that Franklin is 
superior to anything I ever saw of the kind. I 
see him still at work when I go home from the 
club, and he is at work again before his neigh- 
bors are out of bed." Franklin published the 
"Pennsylvania Gazette," October 2, 1729. This 
undertaking almost overwhelmed him, and it ra- 1 
quired two years of most severe and incessant J 
struggle to reach a position of financial safety. 
In those days of Franklin's youth it was truly, a 
difficult task for a poor young man to win his 
ly to prosperity. On September 1, 1730, he 

ided Deborah Head, a truly noble woman, 
'who proved a precious helpmate to him. Shortly 
after his marriage, he founded the Library of 
Philadelphia, one of the most useful institutions 
of its kind that ever existed; and so great and J 
lasting was its success that, in 1861, it contaiuedS 
iventy thousand voliimra. 

In December, 1732, Franklin first ] 
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almanac containing the Eayings of " Fo^ 
Richard," -which became famons all the worm 
■over. In 173G he was elected Clerk to the Gien- 

fceral Afieembly, and the following year appointed 

■ Postmaster of Philadelphia. 

Amid all his arduous duties he was carryinj 

ron the work of mental and moral self-improvi 
ment with the greatest assiduity. In his seventyi 
ninth year, Franklin wrote : " It may I 
my posterity shonld be informed, that to thi 
little artifice, with the blesaing of God, thrf 
ancwtor owed the constant felicity of his lif 
down to the eeventy-nintli year, in which thi 
is written. What reverses may attend the 
mainder is in the hand of Providence; bat if ' 
they arrive, the reflection on past happiness en- 
joyed ongbt to help his beal-ing them with more 
resignation. To temperance he ascribes his long- 
continued health, and what is still left to him of 
i constitution. To industry and frugality, 

I the early easiness of his circumstances and acqui- 

I sition of hie fortune, with all that knowledge that 
enabled him to be a useful citizen, and obtained 
for him some degree of reputation among the 
learned. To sincerity and justice, the confidence 

I of his country, and the honorable employs it con- 
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erred npon Mm ; and to tlie joint influence i 
lihe whole mass of the virtnies, even in the im-J 

jerfect state lie waa able to acqaire them, all! 
s of temper and that cheerfulness. J 
""in conversation which makes hie company stilly 
sought for, and agreeable even to hia young ao- 
cinaintauce." 

It was Franklin's virtue, more even than hia 
reat erudition, that made iiim revered and be- 
Eoved for four generations. In 1744 he founded 
the Philadelphia fire system, which, under his 
guidance, soon attained great excellence. In 1746 
Fraoklin began hia etudiea and experiinenta in elec- 
tricity. Eieetrieity was then the rage throughout 
I the civilized world. Cuneus, of Leyden, had just 
acovered the principle of the Leydon-jar. Frank- 
fin received from one of his friends in England a 
glass tube for generating the electric fluid. The 
tubes then used were two feet and a half long, 
and the rubber either cloth or buckskin. He 
devoted himself unreservedly to the Btudy of this 
subtile agency. In 1747 he wrote : " I never 
was before engaged in any study that so totally 
I my attention and my time as this has 
for, wlut with making experiments 
be alone, and repeating them l 
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friendB and acqnaintance, who, from the novelty 
of the thing, come continually in crowds to see 
them, I have, during some months past, had 
little leisure for anything else," He frequently 
experimented with points, whose great power to 
draw off the fluid from bodies greatly engaged 
his attention. One of his first conjectures was, 
that electricity was not created, but only collected, 
by friction, and he soon readied his positive and 
negative theory; or, that electricity is a single 
subtile fluid, existing in all bodies, latent when 
un excited, but, when these bodies are excited, 
having more or less than their normal qiiantity. 
Owing to his isolation from European philoso- 
phers, and unacquainted with their discoveries, he 
made many beautiful experiments, wliich, although 
previously made by them, were original with him. 
In 1749 he drew up a series of fifty-six obser- 
vations, entitled " Observations and Suppositions 
toward forming a new Hypothesis for explaining 
the Several Phenomena of Thunder-gusts." The 
most celebrated of all his electric writings soon 
followed, and that which made his name forever 
famous in the world of science : it was entitled 
" Opinions and Conjectures concerning the Prop- 
erties and Effects of the Electrical Matter, and 
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the Means of preserving Buildings, Sliipe, etc, 
from Lightning, arising from Experiments and 
Observations made at Philadelphia, 1749," The 
two suggestion B that will connect the name of 
Franklin for all time with electricity are in- 
cluded in one Bhort passage. After detailing the 
results of an experiment, in which a miniature 
lightning-rod had conducted away the fluid from 
an artificial thnnder-storm, ho says : " If these 
things arc so, may not the knowledge of this 
power of points be of use to mankind, in pre- 
serving houses, churclies, ships, etc., from the 
stroke of lightning, by directing us to fix, on the 
highest part of those edifices, upright rods of 
iron made sharp as a needle, and gilt, to pre- 
vent rusting, and from the foot of those rods, a 
wire down the outside of the building into the 
ground, or down round one of the shrouds of a 
ship, and down her side till it reaches the water? 
Would not these pointed rods probably draw the 
electrical fire silently out of a cloud before it 
came nigh enough to strike, and thereby secure 
us from that most sadden and terrible mis- 
chief ? " 

lie gives the steps by which he proved the 
identity of lightning and electricity, "Electrical 
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" fluid agrees with lightning in these particularB : 

I 1. Giving light. 2. Color of the light. 3. Crooked 

[direction. 4. Swift motion. 5. Being conducted I 

by metals. 6. Crack or noise in exploding. 7. Sub- I 

siBting in water or ice, 8. Eending bodies it paeees 1 

throngh. 9, Destroying animals. 10. Melting met- 
als. 11. Firing inflamniable sobstances. 12. Sul- 
phureous smell." 

He had labored indefatigably in this science 
for six years, and had already convinced himself 
of the identity of the electricities of the clouds 
and the machine, before he made his kite-experi- 
Tnent in the spring of 1752. His son, then a 
young man of twenty- two years, was his only 
■witnees'of the experiment. Just before the ap- 
proach of a thunder-storm, he raised the silken 
kite on that part of the Philadelphia commons 
corresponding to the present corner of Race and 
Eighth Streets. The experiment proved a com- 
plete success, and made Benjamin Frankhn the 
happiest philosopher ia Christendom. 

The philosophers of France were the first to 
recognize the value of Franklin's discoveries, and 
many similar experiments were made by them, 
contirming the truth of his results. He was now 
elected a member of the Royal Society of Eng- 
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md, and awarded the Copley medal. Tale and I 
Harvard Colleges conferred upon lum the degree | 
of Master of Arts. He founded, about this time, | 
the Univeraitj of Pennsylvania and the Pennsyl- 
vania llospital. Franklin was the first to dia- J 
cover that plaster of Paris is a fertilizer. He J 
first detected the poisonooa properties of air ex- 1 
haled from the longs, and was the first to write 1 
effectively upon ventilation, 

Franklin's political career began when he waa I 
forty-six years of age. He became successively 
justice of the peace, a member of the Common ' 
Conneil, an alderman, and a member of the As- 
sembly. He was not an orator, but he was ] 
effective as a speaker through his inimitable 
power of iUustration and the weight of his j 
character. 

Having held the place of Postmaster of Penn- ] 
sylvania for sixteen years, he was appointed, 
1753, Postmaster-General for America. He greatly J 
improved the postal service, and some of liis im- 
provements remain a part of the United States I 
system to tliis day. 

In 1756 Franklin was chosen agent to Great i 
Britain for the Provinco of Peunsylvauia, and I 
immediately set out for Eugland. On his arrival ] 
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in London, he received congratulatory letters from 
the electricians of France, Germany, Holland, and 
Italy. 

In London be continaed to prosecute with 
vigor his researches in electrieitj' ; and in the 
spring of 1759, while on a visit to Scotland, the 
degree of Doctor was conferred upon him by the 
University of St. Andrews, During this vieit, 
the Scotch paid him great honor, the corporation 
of Edinburgh giving liim the freedom of the 
city. Jfor did ho neglect the other Bciences. 
He rendered valuable assistance to Adam Smith 
in his ""Wealth of Nations." He experimented 
much on heat and its conductors. One of these 
experiments in caloric he descrihes in this simple 
style: "I took a number of little square pieces 
of broadcloth from a tailor's pattern-card, of vari- 
ous colors. There were black, deep blue, lighter 
blue, green, purple, red, yellow, white, and other 
colors, or shades of colors. I laid them all out 
upon the snow in a bright, sunshiny morning. 
In a few hours, the black, being warmed most 
by the snn, was sunk so low as to be below the 
stroke of the sun^s rays; the dark blue almost as 
low, the lighter blue not quite so much as the 
dark, the other colors less as they were lighter; 
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the quite white remained on the snrfaee of 
le snow, not having entered it at all. What 
signifies philosophy that does not applj to Borae 
use? May we not leam from hence, that black 
clothes are not so fit to wear in a hot, snony 
climate or season, as white ones!" 

After an absence of six years, he retnrned to 

home in Philadelphia, Tfovember 1, 1763. 
few complications arising between the Governor 
and Assembly, Franklin was almost immediately 
reappointed English agent for the Province of 
Pennsylvania. His brilliant examination at the 
bar of the House of Commons, and his Gtrenuona i 
efforts for the repeal of the Stamp Act, had the 
effect of repeaUng that truly obnoxious measure. 
Georgia, New Jersey, and Massaehueetts soon 
after appointed him their London agent. Find- j 
ing his endeavors fruitlcBS to arrest the quarrel I 
between England and her American colonies, he I 
returned to Philadelphia in 1775, after an absence 
of ten years. Franklin's reputation was at this 
time very great and extensive. He was incom- 
parably the foremost man of America, a member 
of every important learned body in Europe, a 
manager of the Koyal Society of England, Presi- 
dent of the American Philosophical Society, and 
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one of the eight foreign members of the Acade- 
my of Sciences of France. Three editions of 
liis philosophical works had appeared in Paris, 
and a. beautiful new and enlarged edition in 

London. 

After the Declaration of Independence by the 
United Colonies, Franklin was appointed minister 
by Congress to represent this country at the 
French conrt. He devoted liis whole heart and 
all bis great mental power to obtain the aid of 
France in bebalf of bis beloved and stmggling 
country; and succeeded in inducing that govern- 
ment to form an offenaive and defensive alliance 
■with the States. 

His renown in France was marvelous. M. 
Lacretelle, tho Frencb bistorian, says of bim : 
"Men imagined they saw in Franklin a sage of 
antiquity, come back to give austere lessons and 
generous examples to tbe modems. Tbey per- 
Boniiied in bim tbe repnbKc, of wbicb he was 
tbe representative and the legislator. They re- 
garded bis virtues as those of bis countrymen, 
and even judged of tbeir physiognomy by tbe 
imposing and serene traits of bis own, Happy 
was be wbo could gain admittance to see bim in 
the house which be occupied. This venerable 
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old man, it was said, joined to tho demeanor of 
Phocion the spirit of Socrates," 

"Franklin's reputation," says John Adams, 
"was more universal than that of Leibnitz or 
Newton, Frederick or Voltaire; and his character 
more beloved and esteemed than any or all of 
them." 

On the 20th of January, 1783, Franitlin had 
the snpremo happiness of signing, together with 
John Adams and John Jay, on the part of the 
United States, a treaty of peace with Great Brit- 
ain, This ended tho war between these coun- 
tries. 

Franklin was at this time the moat distin- 
guished man in Europe. He was the first to 
discover that tho atmosphere of Em'ope is damper 
than that of America, and he was led to this ob- 
flervation from the nniform shrinking in America 
of the wooden instrument-eases made in Europe. 
He was the first to perceive that the Gulf Stream 
is warmer than the surrounding ocean, and that 
this stream is not phosphorescent. 

In the spring of 1779 Dr. Franklin read a 
paper on the aurora borealis before the French 
Academy of Sciences, This is considered one of 
the best of his scientific writings. He attributes 
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the aurora borealis to electricity. The following 
are the essential points of this paper: "Water, 
though naturally a good conductor, will not con- 
duct weU., when frozen into ice by a common 
degree of cold; not at all, where the cold la ex- 
treme. 2. Snow, falling upon frozen ground, 
has been found to retain its electricity, and to 
communicate it to an isolated body, when, after 
faUing, it has been driven about by the wind. 
3. The humidity contained in all the equatorial 
clouds that reach the polar regions, must there 
be condensed and fall in snow, i. The great 
cake of ice tliat eternally coyere those regions 
may be too hard frozen to permit the electricity, 
descending witli that snow, to enter the earth. 
5. It wUl therefore be accumulated upon that 
ice." 

Sir Humphry Davy remarks of Frankhn's elec- 
tric writings: "A singular fulicity of induction 
guided all Franklin's researclies, and by very 
small means he* established very grand truths. 
The style and manner of his publication on elec- 
tricity are almost as worthy of admiration as the 
doctrine it contains. He has endeavored to re- 
move all mystery and obscurity from the subject. 
He has written equally for the uninitiated and 



BENJAMIN FRANKLIN. 

for the philosopher; and he haa rendered 
details amusing as well as perspicuous, elegant i 
well as simple. Science appears in his language 
in a dreaa wonderfuUj decorous, the best adapted 
to display her native loveiiness. Ha has in no 
instance exhibited that false dignity, by which 
philosophy is kept aloof from common applica- 
tions ; and he has sought rather to make her i 
useful inmate and servant in the common hahita 
tions of man, than to preserve her merely as t 
object of admiration in temples and palaces," 

A curious anecdote is told by Parton, hia' 
biographer, of a conaequence of hia constant lore 
of experimenting: ""While living in France, he 
sometimea extemporized an ^Eolian harp by stretch- 
ing a silken string across some crevice that ad- 
mitted a current of air. On revisiting a village, 
after the lapse of several years, he found the 
house in which he had formerly lodged deserted, 
from its having gained the ill repute of being _ 
haunted. Strange, melodious sounds, he wa 
could be heard in its empty rooms. On entering' 
the house he found some shreds of the silk still 
remaining, which had caused all the mischief." 

Dr. Franklin returned to Philadelphia in 178S», 
after an absence in France of nine years. Oifl 
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Ms return, he was elected three times Bncceesively 
President of the Supreme Executive Coancil for 
the city of Philadelphia, was one of the principal 
framers of the Constitution of the United States, 
and retired from public life in 1788. At eleven 
o'clock at night, April 17, 1790, surrounded by 
his family and intimate friends, he departed this 
life, aged eighty-four years, three months, and 
eleven days. 

Benjamin Franklin was a noble patriot and 
truly great philosopher; great as a man of busi- 
ness, a man of science, and a statesman. Well 
has a famous Frenchman said of him, "Eripuit 
ccelo fnlmen, sceptrumque tyrannis" (he snatched 
the thunderbolt from the sky, and the scepter 
from tyrants). 



CHAPTER VIL 

GALVANISM, OB THB ELECTRIOITY OF CHEMICAL 

ACTION. 

In 1790, Galvani, in experimenting with the 
legs of a frog, observed that, when two different 
metals, as copper and iron, one touching the 
nerves and the other the mnscles of these legs, 
came in contact, it caused the most violent con- 
vulsions and twitchings in the limbs. Galvani 
located this electrical excitement in the legs 
themselves, believing that the contact of the 
metals simply discharged the electricity of the 
legs, and thus produced the convulsions. 

Volta, of Pavia, in 1792, attributed the elec- 
tric development to the contact itself of different 
metals, and succeeded in producing an electric 
current by replacing, between the metals, the 
limbs of the frog by a moistened cloth. 

Fabroni, of Florence, in the same year, first 
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enggested chemical action ae the generator of the 
electricity in these experiments. 

When a small strip of copper and one of ^ino 
are placed in a glass vesBel containing acidulated 
water, so long as the inetals are held upright 
and apart, no action ia perceptible, nor is there 
any evidence of electric excitement ; but so soon 
as the metals are joined together, or connected 
by a wire or other good conductor, it ia instantly 
noticed that bubbles of hydrogen gas are given 
off at the copper plate ; while, if a magnetic 
needle be held close to the connecting wire, it 
will be disturbed, or, if an electroecope be made 
a part of the circuit, it will give evidence of the 
presence of electricity. This simple arrangement 
is called a galvanic pair. The electric action will 
continue as long as the metals are connected ; 
but, if the connection bo broken, the action will 
instantly cease. The acid used in this simple ex- 
periment is dilute sulphuric acid, one part of acid 
to eight or ten parts of water. The action begins 
at the bottom of the zinc plate. The zinc decom- 
poses the dilute acid, taking the acid with its nega- 
tive electricity, forming sulphate of zinc ; the posi- 
tive of the zinc combining with the negative of 
the acid, setting the negative of the zinc free, 
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which ran8 np the zinc plate, and manifests 
itself at the external end of that plate, thus 
forming the negative pole of the pair. In the 
mean time, the action of the zinc on the dilute 
acid sets its hydrogen free in a polarized Btate, 
its positive pole facing toward the copper. This 
liberated hydrogen attacks the neighboring atom 
of the dilute acid, taking the acid with its nega- 
tive electricity, and setting the hydrogen free, 
with its positive pole directed as before. This 
particle of hydrogen attacks the next atom of 
acid, and so on, until the copper plate is reached, 
when the hydrogen, having no affinity for the 
copper, escapes in bubbles; prevjonsly, however, 
the positive of the hydrogen takes the negative 
of the copper, setting its positive free, which, 
running up the copper plate, forms the positive 
pole of the pair. This whole action is in the 
nature of convection, and is entirely invisible; 
the escape of the hydrogen bubbles at the copper 
pole and the gradual waste of the zinc being 
alone perceptible. 

The zinc is the active principle of the pair, and 
called the electro-positive element ; the copper serv- 
ing only to gather and conduct the electricity, 
and called the electro-negative element. If, after 
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the pair has operated for Poine time, the copper 
be taken out and weighed, it will be fonnd to 
have lost nono of its weight ; the zinc, on the 
contrary, will be found to hare lost in weigbt, 
having been dissolved bj the acid to form sul- 
phate of zinc. In forming a pair, it is necessary 
to choose two metals having different oxidizable 
powers ; that is, one must Lave a greater affinity for 
the acid employed than the other, Thne, if copper 
had the same affinity for combining with snl- 
phuric acid that zinc has, there wonid be no elec- 
trical development. If two plates of zinc were 
osed, or two plates of copper, there would be no 
evidence of electiical excitement. The electro- 
motive force of a pair, as it is called, or its power 
to generate electricity, ia the difference between 
the affinity of the zinc and that of the copper 
for the acid ; for copper has an affinity for eul- 
phuric acid, as well as the zinc, thongh in a less 
degree, and the difference of these affinities con- 
fltitntes the strength of the pair. 

The more dissimilar the metals are in this re- 
spect, the greater will be the electro-motive force 
of the pair. Thus, zinc and silver wonId be much 
more powerful than zinc and copper, becanse the 
silver has less affinity for the acid than the cop- 
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per; and zinc with platinum wonld be still bet^ 
ter. 

If strong water of ammonia bad been used i 
Btead of dilute Balpbnric acid, the copper and i 
would change places : the copper, having a greatei 
affinity than zinc for the amnionia, would become 
the electro-positive element and the negative pole 
of the pair. So that, in judging of the behavior 
of a galvanic pair, the lic^uid, as well as the met- 
als, must be considered. 

In all cases where zinc is need for galvanic 
purposes, it is amalgamated, or coated with mer- 
cury. The zinc of coramerce ia eo very impnreJ 
that the acid acts upon it incessantly, even wh 
disconnected with the other metal, or when 
current is flowing, thus unnecessarily wasting it 
away by local action. This local action tak^ place 
and conaumes the zdnc, without the generation of 
electrieity for the common current. To prevent 
this local action and reduce the sui-face of 1 
zinc to one nniform electric condition, the zioi 
is anaalgamated. This protects the zinc from thi 
action of the acid, until connection is formed I 
tween the metals, or until and during the passag 
of tlie electric current. The zinc is amalgamate 
by rubbing on the mercury with a brush or clotB 
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or simply by pouring a small quantity of mercui 

into the acidulated water, and it will of its 
accord amalgamate the zinc. 

While a positive electric current is passinj 
from the zinc to the copper by way of the liquid, ' 
and thenco back to the zinc through their points 
of contact, a negative current is passing in the 
opposite direction from the copper to the zinc^ 
We have the most positive evidence of the pae 
sage of these currents. If the metallic strips be ' 
fonr inches long and two broad, and connected by 
a piece of very fine platinum wire half an inch 
in length, the wire will become brilliaatly ignited^ 
from the electric discharge taking place through it^ 
and this wire will retain its brilliancy so long i 
the chemical action continues. The metal strips 
are called the electro-motors. Though other bodies 
than metals may be used as electro-motors, still 
metals are the best. When zinc and copper are 
used as the electro-motors, zinc is the generator, 
and is called, as before stated, the electro-positiveil 
element, but is the negative pole. When copper^ 
and silver are used, copper is the generator, and 
BO the electro-positive element, and negative pole. 
The behavior of a metal depends altogether i 
the nature of the other metal used with it — tli 
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metal more readily oxidizable being the electro-i 
positive element, or negative pole of the galvanio 1 
pair. In the following list, any metal, when need I 
with the ones ancceeding it, will be the electn>| 
positive element, and the electro-negative with 
any preceding it: zinc, lead, tin, iron, copper, 
silver, gold, platinum, and charcoal. The further 
apart they are in this list, the more powerfully 
will they act together. The strongest combina- 
tion is zinc and charcoal. 

Muriatic acid, common salt, or other liquid^ 
compound that acts upon zinc, may replace 
eulphiiric acid. The quantity of electricity evolved 
increases with the surface exposed to the action of 
the fluid in which it is immersed. The best way 
to construct a pair is to Lave the copper in a cir- 
cular form surrounding the zinc, as in this way 
all the evolved electricity is gathered up and util- 
ized. Glalvanie electricity is also called dynamic, 
or electricity in motion, in contradistinction 
frictional, which is said to be statical, or bound. 
This distinction is not, however, of an ab 
character, because frictional electricity sometimes 
forms a current, as in its passage from the cush- 
ion of the electric machine to the earth, and gal- 
vanism may be made to overcome slight resisfH 
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anceB. Still, frictional electricity is noted for itfl 
teDsioD, and galvanism for its quantity. The quan- 
tity of galvanic electricity is increased by increas- 
ing the exposed surfaces of the metal electro- 
motors, but ita tension is increased by Joining to- 
gether several galvanic pail's. In using several 
pairs together, the zinc of one pair should be 
connected with the copper of another, and the 
zinc of this with the copper of the next, and so 
on, until the zinc of the last pair is readied, 
which should be connected with* the copper of 
the first. 

The single pair produces a greater effect upon 
the needle, and has a greater heating power ; while 
tho combination has a higher tension, and greater 
power to decompose chemical componnds. No 
single pair can impart a shock or decompose a 
fluid. The current of the combination seems to 
owe ita intensity to tlie momentum imparted to 
it by the overcoming of the resistances of the 
many liquids, or media, through which it haa to 
force a passage. 

In the very best arranged galvanic pairs or 
combinations tlie whole of the generated elec- 
tricity is not gathered into the current. The 
strength of the current suffers from one loss or 
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another. Professor Ohm, of Nnremherg, has 
raathematically investigated the force of currents, 
and supplied us with the laws governing their 
transmission. Supposing S to represent the actual 
strength of the current at the cud of the con- 
ducting wire; F, the whole electric force gener- 
ated by the diseolving of the electro-positive ele- 
ment; K, the resistance of the flnid contained 
between the metals to the passage of the current ; 
E, the external resistance from conducting wire; 
then Ohm's simple but celebrated formula is : 

If R be very small compared with E, E may 
be omitted, and the formula is reduced to 

-^ 

The resistances of wires of the same material 
and of uniform thicknesses are in the direct ratio 
of their lengths, and in the inverse ratio of the 
squares of their diameters. Thus, a wire of a 
certain length offers only one half the resistance 
of one twice its length ; and a wire of a certain 
diameter will offer four times the resistance of 
one of twice its diameter. The longer the wire, 
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the greater tlie resistance; the thicker the wire, 
the less the resistance. 

Ahnost from the very hirth of galvanism, 
there have been two theories claiming to account 
for its canse. They are called the contact theory 
and the chemical theory. Those who maintain 
the former eay that the electricity is produced 
by the simple contact, or touch, of the hetero- 
geneous metals. The latter theorists attribute the 
presence of the electricity to the chemical affin- 
ity of the aciii for the metal. The supporters of 
these theories have waged a lively war from the bo- 
ginniag, An experimcDt of Faraday's has done a 
great deal toward establishing the chemical theory. 
He used platinmn and iron as the metals, and 
Bulphuret of potassium as the liquid. When tho 
wires were connected, there was not the faintest 
evidence of electricity ; but when a cloth moist- 
ened with dilute sulphnric acid was placed just 
between the connecting wires, an electric current 
was instantly perceived to pass. When the zinc 
and copper are simply touched together, without 
the employment of a^id, or even water, we may 
presume that there is some feeble (very feeble in- 
deed) chemical action, owing to the affinity of the 
oxygen of the air for zinc. Hence, it is almost 
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cviilent that the origin of galvanism is chemical 
action. 

A galvanometer is an instrnment for meaeur- 
iDg the strength of a galvanic current. The as- 
tatic galvanometer is sufBcientlj sensitive for or- 
dinary purposes, and is thus constrncted : Two 
compass needles are joined together, one above 
the other, but perfectly parallel, and having their 
poles diametricallj opposite. This donble needle 
is suspended by a Bilk thread within a glass case, 
with the lower needle running along inside an 
oblong coil of wire, in the same direction as the 
wire. The lower needle has been let into the 
coil by means of a elit in the coil, and the up- 
per needle runs over a graduated scale. When 
a current of electricity runs along a wire parallel 
to a compass-needle, the needle is deflected from 
its meridional direction to the right or left, ac- 
cording 08 the current is positive or negative. 
Ampere gives the following rule: "Suppose the 
diminutive figure of a man to be placed in the 
circuit, eo that the current shall enter by his feet 
and leave by his head ; when ho loots with his 
face to the needle, its north pole always turns to 
his left." The wire in all cases is supposed to 
nin along in the direction of the magnetic mend- 
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ian. "When a single electrified wire thus rnns 
over and parallel to a needle, it will filightly de- 
flect the needle ; and, if the same wire is bent 
and doubled back under the needle, the deflection 
■will be donbled, according to Ampere's rule. 
The greater the number of wires, the greater tlie 
deflection ; so that a coU will produce a consider- 
able deflection. The directive force toward the 
north being also absent in the double needle, the 
Bensltivenees of the instrument ie greatly enhanced. 
The degrees on the graduated scale show the 
comparatire strength of currents. 

The Toltameter is an apparatne invented by Far- 
aday, for the purpose of measuring the strength 
of currents. This is a most perfect test of a 
current's power, and ia considered absolute. Two 
Bmall pieces of platinum are plaeed in a bottle con- 
taining water slightly acidulated with Bulphuric 
acid. Wires are soldered to the platinum pieces, 
run up through the cork of the bottle, and ter- 
minated in binding-screws' The bottle has a tube 
running up through another part of it, into a 
trough of mercury. A glass tube filled with 
mercury, having a graduated scale, empties into 
this trough of mercury. "When the binding-screws 
we connected with a galvanic circuit, the water 
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is decomposed in the bottle into its elements of 
oxygen and hydrogen. These gases escape np 
through the trough, and into the tube containing 
the mercury, and forcing out the mercury, occu- 
py its place in the top of the tube. The grad- 
uation shows the amount of gas set free, by any 
strength of current, in any given time. 
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The combination of several galvanic pairs fon 
a galvanic battery. Volta conetructed the first bat- 
tery, which was also called a " pile," from the pe- 
enliarity of its formation. It conaisted of alternate 
plates of zinc and copper, with the interposition 
of layers of cloth saturated with acidulated water. 
The series proceeded in this wise: Copper, zinc, 
cloth ; copper, zinc, cloth ; and so on, through 
thirty or forty alternations. The first copper lonst 
be connected by wire with the last zinc, to com- 
plete the circuit. The generation of the current, 
in Volta's arrangement, depends on chemical action. 
When the moisture of the cloths has completely 
evaporated, the action ceases. To make up for 
the evaporation of the moisture in the voltaic 
pile, Cruikshank constructed a battery in which 
zinc and copper are soldered together in hollow 
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Bguares, and plai^d in a wooden trough. All the 
zincs face one way, and the coppers the opposite; 
and the trough is filled with dilute sulphuric acid 
—one part acid to sixteen of water, for weak action. 
The last zinc is joined to the first copper. 

Smee's battery consists of two thin rectangular 
plates of zinc, clamped to a piece of non-conduct- 
ing wood. Between the zinc plates is placed a 
small silver slip, ruraiing into a groove in the 
wood. The zinc and silver are insulated from 
one another. Both the zinc and silver, however, 
have binding-screws, and can be joined by a 
conducting-wire, when bo desired. The clamped 
plates are placed npright, in a glass cell contain- 
ing ft single fluid, dilute snlphnric acid, one part 
acid to eight or ten parts water. The silver, in 
this arrangement, takes the place of the copper 
in the simple pair, and acts as the positive pole 
of the battery. 

Bubbles of hydrogen gas adhere with great 
tenacity to smooth, polished metallic surfaces, and 
thus ordinarily interfere witli the action of the 
battery, by forming a film of gas between the 
silver and the acid, and so impede the usefniness 
of the battery. To obviate this drawback, the 
iiurface of the silver is roughened, by tlirowiug 
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down on it, bj means of a galvanic current, 
platinum, in a state of fine division, called plati- 
num-Llack, By tliiB means the sarface of the 
eilver presents an innumerable number of small 
points, from which the bubbles of hydrogen are 
readily given ofi, thus facilitating the action of 
the battery. This is a vei-y cheap battery, very 
easily managed, and is constant for a long time. 

In batteries where a single fluid, as dilute 
eulphuric acid, is used, the escape of the hydro- 
gen at the positive pole greatly impedes and 
enfeebles their efficiency. By using a metallic 
oxide, the metal will be replaced in combination 
by hydrogen, and so the metal, instead of hydro- 
gen, will be cai-ried over, and precipitated on the 
copper plate. Dilute eulphnric acid should be 
near the zinc, and the oxide near the copper. 
To prevent the fluids from mixing up, and so 
bringing the oxide into the neighborliood of the 
zinc, and thus retarding its activity, two cells 
must be employed, one for the acid and the 
other for the oxide. 

Dani ell's battery is made up of an outer 
cyhndrical cell of copper, in which is placed a 
smaller cell of porous earthenware, and in this a 
solid cylinder of amalgamated zinc. Into the 
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outer cell of copper is poured a solution of buI- 
phate of copper, aiid into tlio porous vessel con- 
taining the zinc, dilate sulphuric acid, one part 

aeid to eight of water. To complete the circuit, 
a wire eonnecta the zinc with the copper. 

Tlie acid in the porous cell attacks tho zinc, 
forming anlphate of zinc, ajid the hydrogen being 
set free, is driven, by the influence of convection, 
through the porous cell, in among the sulphate of 
copper, which it decomposes, taking the oxygen, 
producing water, and precipitating metallic copper 
in bright crystals, with positive electricity, upon 
the copper plate. Daniell's ia the most useful 
battery for telegraphic purposes, on account of 
its cheapness, easy management, and great con- 
stancy. 

In telegraphic offices the ordinary form of 
Dani ell's battery difEere some little from the 
above ; the outer cell being of glass, into which 
a hollow cylinder of zinc is set, and into this the 
porous cell, with a solid rod of copper. The 
copper is immersed in sulphate of copper solu- 
tion, and water simply is poured into the outer 
cell containing the zinc. The water surrounding 
the zinc becomes in a short time acidulated, the 
acid of the sulphate permeating the porous cyl- 
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iuder. In the copper cell of this battery Boine 
pieces of solid Biilpliate of copper, the blue vitriol 
of commerce, are placed on a perforated shelf, in 
order to Bustaia the Baturation. 

This battery of Daniell has some dmwbacks, 
the chief of which is that, after long-continned 
action, copper works its way to the porous cell, 
where it is deposited, closing the pores and im- 
peding the passage of the hydrogen. 

Several improvements have been made npon 
tliis battery, without, however, altering the prin- 
ciple of action. Siemens -Halske's is a modificar 
tion of Daniell'e, the diaphragm dividing the cells 
being a preparation of paper, instead of the porous 
earthenware. 

The Meidinger battery is also a modification 
of Daniell'B, the porous cell being replaced by a 
glass funnel, througli an apertnre in which the 
sulphate of copper passes slowly down by its 
own weight into a copper vessel. This copper 
vessel is located at the bottom of a much larger 
glass vessel, filled with a solution of Epsom salts, 
and also containing a disk of zinc. 

The gravity battery is another modification 
of Daniell's, and is constructed on the principle 
that sulphate of copper is heavier tlian sulphate 
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of zinc. In the bottom of a large glaee cell is 1 
placed a eircnlar disk of copper, on which 
ponred a solution of sulphate of copper ; over 
the solution of sulphate of copper is poured a 
Bolution of sulphate of zinc, and in this List fluid 
is immersed a zinc disk, with fixtures to attach . 
it to the top of the glass. The solution of snl- ■ 
phate of zinc is so much lighter than that of 
sulphate of copper, that the former flmd will , 
remain on the top. 

This arrangement reqaires the moat delicate 
nuraing. It will not suffer the merest movement 
without mixing the fluids; and it must be kept 
in a dry, warm place. 

The Meuotti, Sir "William Thomson's, and the 
Muirhead batteries act on the Daniell principle. 

Grove's platinum battery is the most powerful 
and energetic of all galvanic contrivances. The i 
outer vessel is a glass cylinder containing a 
hollow roll of amalgamated ziue. "VTitbin the | 
zinc is a porous earthenware cell, in which is 
placed a small strip of platinum. The platinum, 
being so very costly, is placed on the inside for i 
economical purposes. The outer cell contains \ 
dilute anlphnric acid, and tlie inner cell cone 
trated nitric acid. Wlien connection is made j 
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between the metals, the Eolphiiric acid, ae usual, 
attaets the zinc, forming the snlphate of that 
metal, and the free hydrogen passes, by convec- 
tion, through the porous cell, and decomposes an 
equivalent of nitric acid, which readily yields up 
its oxygen to the hydrogen; the dentoside of 
nitrogen then rises to the surface of the fluid, 
and takes two equivalents of oxygen from the 
air, forming nitrouB acid, which escapes in the 
form of red fumes. 

Though eminently energetic, this battery is 
very expensive, very diflScuIt of management, 
and unhealthy, owing to the poieononB propcPtiGS 
of the escaping nitrous acid, 

Bunsen's battery is composed of an outer cell 
of carbon, prepared from pulverized coal and 
coke, about ten ineliea in height and five inches 
in diameter, A porous cell of earthenware, con- 
taining a solid cylinder of amalgamated zinc, is 
placed within the carbon cell. Connection is 
made with the carbon cell, by running a wire 
around on its outside. Dilute sulphuric acid is 
poured into the cell having the zinc, and strong 
nitric acid into the carbon one. The carbon 
takes the place of the platinum in Grove's, and 
acts the part of the negative element or positive 
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pole. This is an intensely powerful battery, and 
lias the advantage of cheapness. It can not, how- 
ever, compete with Grove's, being nneteady in its 
work, owing, perhaps, to the earthy matter found 
in the carbon, and rendering it a bad conductor. 

The chromic acid and Marie-Davy batteries 
are modifications of the Bunsen battery. In the 
former, the nitric acid ia replaced by a mixture 
of bichromate of potash and sulphuric acid ; and 
in the latter the zinc stands in water, and prole- 
sulphate of mercury is substitnted for the nitric 
acid. 

The unit of the electro-motive force of a bat- 
tery is called a volt, and is about seven per cent 
less than a single Daniell'a cell. The unit of re- 
sistance is called an ohm, and is about four hun- 
dred and six feet of the ordinary telegraph wire, 
known as number eight. The unit of the strength 
of a current is called a farad, and ia the amount 
of electricity that flows, in the space of a second, 
from a cell whose electro-motive force is a volt, 
through a wire whose resistance is an ohm. 

The relative electro-motive forces of the prin- 
cipal batteries are as follows : Grove's, 1*92 ; Bun- 
een's, 1-8S; Darnell's, 1-079; and Smee's, 047. 

When points of prepared carbon are attached 
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to the ends of the wires coanecting the poles of 
a powerful galvanic battery, and then brought 
together, intonse heat and light arc instantly pro- 
duced. It is necessary, however, to join the 
points, before the phenomena of heat and light 
are perceptible. Once tho connection is made, 
the points may then be withdrawn to a short 
distance, and the flame will still continue, form- 
ing itself into the shape of an arch, much broader 
at the negative than the positive pole. The car- 
bon of the positive pole consumes mudi more 
rapidly than that of the negative, particles of the 
carbon being carried from one pole and deposited 
on the other. If a very powerful Grove or Eun- 
sen battery be employed, the arch may be length- 
ened out some inches. The galvanic circuit pro- 
duces the most intense heat in nature this side 
the sun, and the light is tlie most brilliant artifi- 
cial light known. The most refractory metals 
yield to this heat, steel and platiuuni readily fus- 
' ing, and even undergoing volatilization, when sub- 
jected to its influence. By combining several 
hundred Grove or Bnnsen cells, the diamond 
may be volatilized. The galvanic light resembles 
very closely the light of the sun, and can be 
used for photographic purposes. This light is 
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not the effect of combustion, for it may be pro- 
duced in a vacuum, under water, or in a gaseous 
atmosphere that does not support combustion. 

As the carbon points gradually wear away, and 
thus increase their distance apart, the light, after 
a short space, suddenly goes out. To obviate 
this, and render the flame continuous, an in- 
genious piece of mechanism is used to move the 
points forward in proportion to their exhaustion, 
and so hold them regularly at the one distance. 

Each of the metals, when deflagrated by the 
galvanic current, has its own peculiar color. 
Gold bums with a vivid white light, silver with 
an emerald green, copper and tin with a pale 
bluish, lead with a purple, and zinc with brilliant 
white. 




ELBOTEO-CHESnCAL DECOMPOSITION, ELECTEOTYPIHG, 
ASD aiLDISli, 



Thk galvanic current has been of the greatest 
use ia chemistry, in decomposing compound bod- 
ies into their elementary eonstitnents. It was by 
this means that Davy reduced the metalB potas- 
sium, sodium, calcium, magnesiam, and others 
from their aUvalies, potash, soda, lime, and mag- 
nesia. If the wire that completes a galvanic 
circuit be parted in the middle, and the ends 
tipped with platinum, and then introduced into 
a vessel of water, oxygen gas will bubble up at 
tho positive end, and hydrogen at the negative. 
The water is decomposed into its elements of 
oxygen and hydrogen. If graduated glass tubes, 
filled with water, be let down over the ends of 
the wire, oxygen will rise in one end, and hydro- 
gen in the other, expelling the water. 

Twice as much hydrogen as oxygen, by vol- 
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ume, shoald be given off in the Bame time, be- 
cause water is composed of two measures of 
hydrogen to one of oxygen. In actual experi- 
ment, however, it is found that a little more 
than twice as much hydrogen as oxygen is given 
off, because oxygen, being soluble in water, 
loses some litUe in being dissolved by the 
water. 

It seems that the positive wire decomposes an 
atom of water, the oxygen escaping into the air, 
producing a bubble ; the hydrogen is at the 
same time set free and polarized, and attacks the 
neighboring atom of water, taking its oxygen, 
forming water, and setting hydrogen free, which, 
being polarized, attacks the next atom of water, 
and BO on, nntil the last atom of hydrogen 
escapes at the negative wire, also producing a 
bnbble. If copper, or other oxidizable metal, had 
been the terminus of the positive wire, instead 
of platinum, the oxygen would have united with 
such metal, forming its oxide, and thns prevent- 
ing the oxygen from being given off. A great 
many other snhstances besides water are decom- 
posed in this way. 

Dr. Faraday, to whom this branch of the sci- 
ence of electi'icity is greatly indebted, has intro- 



r 



106 ELEOTRIOITY AND ITS DISCOVERERS. 

duced some Greek terniB, which, being widely 
used, need some explaDatioa. 

This manner of decomposition is itself called 
electroljsis, from electi'Oii, signifying electricity, 
and lueiti, to loose or diesolve. The substances 
to be decomposed are called the electrolytes, from 
electron, as before, and lutoa, dissoluble. The ends 
of the wire are said to be the doors through 
which the electricity flows, and hence are called 
electrodes, the Greek hodoa meaning a way or 
path. The elements of the decomposition are 
called ions, from the Greek participle ion^ going, 
from the fact of these eiemente going to the posi- 
tive or negative electrode. The electrodes are 
also called the anode and cathode, the positive 
being the anode, from anay upward, and hodos, 
way, or the upward way, or the way the sun rises ; 
and kata, downward, and hodos, way, or downward 
way of the sun. 

The galvanic current does not decompose bod- 
ies in the solid state; it ib necessary that the 
electrolyte, in order to suffer decomposition, he 
reduced to the liquid state either by solution or 
fusion, Por instance, the chlorides of lead, sil- 
ver, and tin must be fused, in order to become 
fit subjects for the decomposing induenec of the 
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galvanic cnrreDt. Some liquid compounds also 
arc unafEected by the current, refusing to conduct 
it, such as a Bolution of ammonia; some others 
conduct the current well enough, and Btill are 
not decomposed by it, as, for example, snlpharic 
acid. 

"WTien compound solutions are submitted to 
the influence of the current, the electro-negative 
elements invariably go to the positive electrode, 
and the electro-positive go to the negative elec- 
trode. In the electrolysis of muriatic acid, sul- 
phate of copper, nitrate of lead, chloride of sodi- 
um, or iodide of potassium, the iodine, chlorine, 
sulphuric and nitric acid, are set free at the posi- 
tive electrode ; and soda, potash, hydrogen, cop- 
per, and lead, at the negative. 

All bodies have what are called equivalents, 
or atomic weights, that ia, the proportionate weight 
in wliieh they unite with other bodies. All bod- 
ies will sufEer a decomposition, by the same 
strength of current in any given time, proportion- 
ate in amonut to their atomic weight. For in- 
stance, a galvanic current, sufficient to decompose 
9-01 grains of water, will in the same time de- 
compose 58'T8 grains of chloride of sodium, 163'28 
of sugar of lead, 79'S8 of blue vitriol. 
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The amount of decompoBition is always di- 
rectly proportioned to the quantity of electricity 

that passes through the electrodes, and heuce eleo- 
trolysie is a tnie measure of electricity. 

A great deal of galvanic action is often wasted 
on electrolytes that are poor conductors, as they 
impede tlw progress of the current. The addition 
of a liquid that ia a good conductor sometimes 
greatly facilitates the work of the current. AVater 
ia a poor conductor, and the passage of a current 
through it is usually slow, but if a little sulphuric 
acid be added, the decomposition of the water 
becomes much more rapid, and the current util- 
ized to its utmost. In decomposing water, if, in- 
stead of collecting the gases in separate tubes, 
they be collected into a single receiver, and an 
electric spark passed through them, they will ex- 
plode, forming water. It is foirad that the quan- 
tity of electricity generated by the decomposition 
of a single grain of water will be just sufficient 
to recombine an amount of oxygen and hydrogen 
to form one grain of water, or, there is an exact 
correlation between these forces. 

Electrotyping is the process of depositing npon 
any snrface a coating of metal from one of its 
metallic solutions by means of a galvanic cnrrent. 
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Copies of the most delicate medals or engravings 
can be thus produced in gold, platinum, silver, 
copper, zinc, tin, lead, cobalt, nickel, brass, or 
bronze. Even the delicate traeingB of Daguerre's 
exquisite pictures can be perfectly copied by this 
method. Every line, and even the shades of pol- 
ish of an engraving, may be accurately repro- 
duced. 

In considering the action of a Daniell's cell, 
it was noticed that the sulphate of copper was 
decomposed through the agency of the current, 
and metallic copper precipitated on the copper 
plate. The copper plate of the battery is thus 
covered with a film of bright, crystalline, malleable 
copper, which may be easily removed. This film 
is found to be an exact fac-eimile of the copper, 
every tiniest scratch being copied. It was this 
observation that led to electrotyping. 

If the wires from the poles of a Smee's bat- 
tery be immersed in a vessel containing a solu- 
tion of sulphate of copper, the copper will go to 
tie negative electrode, and the acid to the posi- 
tive one. If a copper cast of a medal or engrav- 
ing is sought, the model is suspended in the so- 
lution from the negative electrode, while the posi- 
tive electrode is simply immersed in the solution. 
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All parts of tlio model not desired to be copied 
are covered with a resinouB TamiBb, or EOiue simi- 
lar noQ-con doctor. K the surface to be copied, 
Bueli as a caat of wax or sulphur, be a nun-con- 
ductor, it may be made a conductor hj a thin 
layer of ptiwdered plumbago. The thictnesa of 
the film, or coating, is proportioned to the length 
of time the battery is operating. Thus, the elec- 
trotype can be made as thick or as thin as re- 
quired. 

In this way copper electrotypes are takeu of 
the map-platea of the Coafit Survey of the United 
States, saving au immeose amount of expense, 
and preserving the original plate. The origisal 
plate is never printed on, as a few hundred im- 
pressions on paper would be sufficient to render 
it useless, by obliterating the delicate lines of the 
engraving. The first impression or the first elec- 
trotype copy is in relief, and, to obtain au exact 
fao-simile, the electrotype must itself bo electro- 
typed. 

If, instead of suljihate of copper, a solution 
of chloride of gold be placed in a glass vessel, 
or eartlienwaro trough, and the wires of a Smee'a 
battery introduced, the gold will go to the nega- 
tive electrode, and the cliloriue to the positive. 
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In tliis way the baser metala may be covered or 
tinted witli the precious, in a permanent and per- 
fect manner, A coating o£ gold, thinner than the 
thinnest gold-leaf, can be laid on by this pro- 
cess, or, if desired, may be made several inches 
in thickness. The surface to be gilt mnst be 
suspended from the negative electrode, being first 
cleaned with great care, in order that the gold 
may adhere. 

If, instead of chloride of gold, the trough con- 
tains a weak solution of cyanide of silver in 
cyanide of potassium, snrfacea may be plated 
with silver. It is necessary to first clean the 
surface with warm caustic potash, and then wash 
it with nitrate of mercury. The nitrate of mer- 
cury loaves a thin film of mercury behind it on 
the surface, and this acts as a cement between 
the article and tbe silver. The thiclaiess of the 
silver plating will depend on the length of time 
of immersion. In this process of plating, a piece 
of silver is attached to tbe positive electrode, 
and the article to be plated to the negative. 
During the action, the silver of the cyanide is 
deposited on the article fixed to the negative 
electrode, while the cyanogen passes, by convee 
tion, to the positive electrode, where it attacks the 



112 ELEOTfilOITY AND ITS DISCOVERERS. 

silver there siispended, and forms with it cyanide 
of silver, thus dissolving the silver, and keeping 
up the saturation. In this way a piece of silver 
of any shape or form may be converted by the 
galvanic current into a uniform plate or covering. 



CHAPTER X. 



QALVASl ADD VOLTA. 



LuiGi Galvani, who has given his name to 
the electricity of chemical action^ was a famous 
physicist of Bologna^ where he was bom on the 
9th of September, 1737. Galvani followed the 
profession of medicine, in which he attained to 
eminence. He studied nnder the renowned mas- 
ters Beccaria, Taeconi, and GaleazzL He was 
very devout, especially in his youth, and early 
resolved to study for the Church, but friends 
dissuaded him from the step. 

Galvani was elected Professor of Anatomy in 
the Institute of Bologna in 1762. Here his 
lectures were remarkable for their clearness and 
accuracy, and he won great popularity. He also 
wrote several scientific works, the chief of which 
are "Considerations on the Urinary Organs," 
and "On the Organs of Hearing of Birds." 
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Galvaiii, however, is indebted to hia wife for 
the immense celebrity his name has reached. 
She was the daughter of the eminent medical 
professor Galeazzi, and was a woman of superior 
miud and vast attainments. She wae the real dis- 
coverer of galvanism, and is, indeed, the mother 
of the modem science of dynamic electricity. 

While preparing frog-legs, she noticed that 
they became wonderfully convnlsed when placed, 
by accident, on a scalpel in contact with a. charged 
electric machine. She informed Galvani of her 
discovery, who forthwith began a series of experi- 
ments in electricityj which he continued through 
many years, inspiring thereby others, and particu- 
larly Volta, to pnrsue with ardor this science 
under its new form. As a conBoquence, the 
science of electro-dynamicB gradually grew and 
develojjed. 

In some of his later experiments, Galvani pro- 
duced the convulsions and twitchinga of the frog- 
legs, without the aid of electricity, by simply 
touching the nerves with one metal, and the 
muscles with a different one, and joining the 
metals. Galvani insisted that the electricity re- 
sided in the limbs, the metala merely acting as 
conductors of the fluid. 
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Volta, on the contrnry, argued that the elec- I 

trie excitement was owing to the simple contact 1 
of dissimilar metals. They were both but partly ' 
right, as it is now generally conceded that the 
current is generated principally by chemical ac- 
tion. 

Galvani'a views on electricity are contained in 
his principal work, which is a commentary, "Da 
Viribos Electricitatis in Hotn Musculari." Gal- 
vani died in Iiia sixty-first year. 

One of the most illustrious electricians of all I 
time was Alessandro Volta, a native of Como, ' 
and born in 1745. In I'i'ii he reached the chair 
of Physics at Pa via. His labors in electricity 
were truly indefatigable. Starting from the crude 
experiments of Galvani on the frog-legs, he gradu- 
ally advanced to the construction of his "pile," 1 
which is a complete and perfect galvanic battery. ■] 
It is said to be tlie greatest invention of a single 1 
mind the world ever saw. 

He was invited by Napoleon Bonaparte 
Paris, to exhibit the working of his "pile" to J 
the French Institute, Napoleon enrolled liim in 
the Legion of Honor, conferred upon him the 
order of the Iron Crown, and the titles of Count 
and Senator of the Kingdom of Italy. 
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Volta, in opposition to Galvani, maintained 
the contact theoiy, as it is called. He believed 
tliat the galvanic current owes ita origin to tlie 
simple contact of dissimilar metals, ignoring both 
the animal theoiy of Galvani, as also that of 
chemical action. 

Volta was the inventor of the electrophoma, 
the electrical condenser, the liydrogen-lamp, the 
electrical pistol, and the eudiometer, for testing 
the purity of the air. 

Volta was the recipient of distinguished honors 
from his own and other countrieSj and departed 
this life in bis eigbty-tirst jsar. 
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CHAPTER XL 

ELECTBO-MAGNEnSM. 

Fbofessos Oersted, of Copenhagen, is the 
father of the science of electro-magnetism. Al- 
though he had, for twenty years, suspected the 
relation between magnetism and electricity, it 
was not until 1819 that he discovered the law 
governing electro-magnetic attraction and repul- 
sion, and then fell upon it by the merest acci- 
dent. 

When a wire bearing a galvanic current is 
extended in a direction parallel with the mag- 
netic needle, but in the plane above it, the north 
end of the needle will be deflected to either side 
of the magnetic meridian, depending on the 
course of the current. If the current's direction 
is from north to south, the north pole of the 
needle will be driven toward the east; if this 
direction is from south to north, the needle's 
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north pole will vibrate to the west, the degree 
of deflection depending on the proximitj and 
strength of the current. 

If, iuBtoad of running along in the plane 
above the needle, the wire be placed in the 
plane beneath it, the reverse of the above takes 
place : the current entering from the north sends 
the needle'a north end westward ; and coming in 
from the south, the north of the needle is driven 
eastward. 

Ampere has left an easy formula, by which 
the direction Ib always remembered: Let any 
one suppose himself to he lying in the direction 
of the positive current, his head representing the 
copper, and his feet the zinc, and looking at the 
needle, its north pole will always move toward 
the right hand. 

If a conducting wire be bent into the shape 
of a rectangle, and the needle placed between its 
horizontal branches, by referring to Ampere's 
formula it will be seen that the top and bottom 
currents tend to deflect the needle in the same 
direction, thus giving a double force to this 
tendency. By multiplying the folds of the wire, 
a most sensifive meats of detecting the presence 
of an electric current has been devised, by the 



ELECTRO-MAGNETISM. 



ingenuity of Schweigger. Schweigger's instru- 
ment, iin|iroyed bj Olievalier Nobili, has been 
already described as tlie astatic galvanometer. 
The influence of the current on the needle di- 
minishes inversely as tbe square of their mutual 
distances, for very short wires; bnt, ivlien the 
wire's length is considered infinite, the intensity 
of its attraetion is simply in tho inveree ratio of : 
the distance. 

The third law of motion is, that when one 
body acts npon another, action and reaction are 
equal and in opposite directions. If tbe mag- 
netic needle bad been stationary, in the above I 
instances, and the wire free to move, the move- I 
ments of tbe wire, in virtue of tliis third law of | 
motion, would be, by reaction, in strict accord- 
ance with the principles governing tbe conduct j 
of the needle. 

Wires conducting galvanic currents moving in j 
the same direction, attract one another; and 
opposite directions, repel. 

Experiment has fully proved that the f 
by which tbe electric current acts on the mag- | 
net ia neither that of attraction nor repulsion, 
but tangential, its tendency being to cause tbe I 
poles of the magnet to revolve about the wire in I 
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bppposite directioDB, until a state of equilibriam i 
teachcd, where the action of one pole just bat^l 
ances that of the other. Taking advantage ot'M 
this principle, Dr. Faraday, by ingeniouely con-T 
triving to confine the action of the current tal 
one pole, -was enabled to produce a rotaiy motion I 
of the Diagnet. 

If a bar of soft iron be inserted in a spiral-B 
shaped coil of wire, and the two ends of thel 
wire connected with the poles of a galvanic bat- 
tery, the bar will be instantly converted into a 
magnet, but will lose its magnetism when the 
circuit is broken. If, instead of soft iron, a 
piece of steel be used, the magnetism acquired ^ 
will be permanent. In this spiral coil, coramonlyJ 
called a helix, the wire should be covered with t 
wrapping of silk, or very fine cotton thread, tiv 
prevent the spirals from attracting one anotlier, 
and drawing so closely together that there is 
danger of the current fi-ashing from one end to 
^e other, without passing around the whole coil. 

The position of the poles in this temporary 

or electro-magnet depends on the direction of the j 

current. If the soft-iron bar in the helix stands 1 

north and south, and a current from the copper I 

L plate of a battery be passed around it from north \ 
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to south, in a direction opposite to the apparent 
motion of the bud, the north end of the bar will 
bo a north pole and the south end a south pole, 
aa may be perceived bj its attracting the opposite 
poles of a magnetized needle. But, if the passage 
of the current corresponds with the sun's apparent 
path, the south end wilLbe the north pole, and the 
north end the south pole of the bar. 

The helix, during the passage of the current, 
assumes magnetic properties, and, if freely sus- 
pended, will place itself in the direction of the 
magnetic meridian. In thia poeition it will pre- 
sent all the properties of a magnetized needle, 
heing attracted by the opposite, and repelled by 
the same polo of a magnet. 

If a fine needle be inserted in the helix, it 
will be equally attracted by all parte of the spiral 
at the same time, and so place itself unsupported 
in the center of tbo helix, Uko Mohammed's fa- 
bled coffin. 

The iron bar should be so placed in the helix 
that its axis wiU be at right angles to the direc- 
tion of the current. The fai'ther the bar is re- 
moved from this position, the more its magnetic 
intensity diminishes. 

Electro-magnets may be made far more powef- 
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fill tliaa any natural magnets. The intenBity of i 
electro-magnet is, in a great measnre, detenninec 
by the BtrcDgth of the current, and the numbeai 
of the convolutions in the helix. When the iron' 
core of the helix ia very thin, there is a limit to 
the number of convolutions, beyond which no in- 
crease in magnetic force is gained. The greater 
the number of folds, the greater the resistance 
offered to the passage of the current. So thatn 
there is a fixed relation between the number of.l 
couvolntiona and the strength of the current,! 
that shotild not be deviated from, in order ' 
Becnre the maximum magnetic intensity. Thi 
maximum of magnetic force in different magnets! 
ia proportioned to the area of sectioD, or to tbM 
square of the diameter of the core. 

The usual form of the elecfro-magnet is BtiUJ 
called the horseshoe, although it has departed quitM 
considerably from the horseshoe-shape. It conii 
sists of a flat rectangular base of soft iron down 
into which are screwed two cylindrical soft-iron 
rods, one near each end of the base, and not ex- 
ceeding four inches in length. Thick helices o£j 
insulated copper wire are put down over thesft'J 
aprights. The wire is coiled in the helices ia 
the same manner as if there bad been but one 
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Btraight, contmuouB bar. An armatiire of veiy soft 
iron is placed over tio poles o£ this magnet. 
The softer the irou of the armature the better, 
that the magnetiara may instantly vanish, on the 
breaking of the circuit. A magnet of this kind, 
with a powerfal battery attachment, may be mado 
to sustain thirty-five hundred times its own weight, 
or a matter of several tons. 

The celerity with which the soft iron becomes 
magnetic, on closing the circuit, and loses its 
magnetism on breaking it, has been utilized to 
produce, automatically, extremely rapid motion. 
As an instance of this automatic action, suppose 
one plate of a battery to be connected with the 
wire forming the helix of an electro-magnet, and 
thence connected with a brass upright. To this 
brass upright ia fastened a horizontal metallio 
spring, which holds up the armature of the elec- 
tro-magnet with sufficient force, when the circnit 
is open, to press it against an adjustable screw 
joined by wire to the other pole of the battery. 
The passage of the current magnetizes the elec- 
tro-magnet, which draws down the armature from 
its contact with the screw, and thus severs its 
connection tvith one pole of the battery, breaking 
the circuit. The electro-magnet loses its magnet- 
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ism, the circait being broken, and ceases to ati^ 
tract the armature, which is then thrown np, 
the action of the spring, against the screw, agai 
closing the circuit, and magnetizing the electrc 
magnet, which draws down the armature, breal 
ing the connection, and so on, producing of i 
own accord a continnoos and most rapid 
tion. 

Dr. Faraday observed, in 1830, that a galv! 
current traversing a wire will induce a moment- " 
ary current in another wire Ijing alongside of 
it. This second wire is not connected with a_ 
battery, but should form a closed circuit. TIm 
induced or secondary current, as it is called, 
in an opposite direction to the primary ; it ia " 
merely a throb, that ceases instantly on the clos- 
ing of the primary circuit. As long as the first 
current continueB to flow, this secondary one givesJ 
no evidence of its existence ; but, on the break-r 
ing of the primary current, the induced > 
ondary again appears, hut only momentarily, and 
in the same direction as the primai-y. There 
are, then, two induced currents : one, on making 
the connection between the poles of a galvanic bat- 
tery ; and one, on breaking the connection. The 
current induced by closing the primary circait is 
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tn a direction opposite to tlie primary, but the 1 
one induced by opening the primary is in the J 
same direction as the primary. 

It is found that the longer the wires of both | 
parimary and secondary circuits, within certain lim- 
itfl, the greater the strength of the induced cur- 
rent and the severer the shock it imparts. Ad- 
■^ntage has been taken of this to construct elei>- ■ 
tnc machines to communicate shocks for medici- 
nal and other purposes. One coil of wire is placed 
within another coil ; the ends of the inner coil 
are connected with the poles of a galvanic battery, 
and the ends of the outer coil are held by the ■ 
person to whom it is desired to impart the shock, j 
As often as the circuit is closed or opened in the 
inner helix, an induced current is generated in 
the outer helix, which communicates a shock to 
tho person in contact witli its poles. In order to . 
produce the shocks with sufficient rapidity, an I 
automatic circuit-breaker, as already deseribeil, is-l 
attached to the battery circuit. 

The induced current lias the ordinary proper- ' 
ties of the galvanic current, and has, moreover, J 
great tension like static electricity. 

It has been stated that so long as the primary I 
current continues to flow there is not the least I 
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sign of electric excitement in tlio second wire 
after the liret tlirob ; but if the gecond wire is 
moved towards the wire conveying the cnrrent, 
an induced current is generated in the eecond 
wire, in a direction opposite to the primary cur- 
rent. K, instead of the second wire being moved 
toward the first, it be moved away from it, a 
eecondaiy current is induced in tlie second wire, 
in the eamo direction as the primary eun-ent. 

It ia not neceseary, for the pui-poses of induc- 
tion, that the second coil should surround the first; 
it may only be laid upon it or above it. Nor ia 
the effect conHued to tlie second coil ; but, if a 
third or fourth coil be connected with the second, 
currents of electricity will also be induced in them 
at each inten-uption of tlie battery-current. The 
currents in the several coils move in different di- 
rections. 

When the battery circoit ia closed, a current 
in the second coil moves in the opposite direction, 
called the initial current; and, when it is opened, 
the secondary current flows in the sume direetiou, 
and is called the terminal current. The initial 
current will induce a tertiary current flowing in 
the opposite direction ; and the terminal current, 
a tertiary current flowing also in an opposite di- 
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roction. These tertiary carrenta can induce cur- 
rents in other helices of a fourth and even the 
seventh order. 

In the very same wire in which the current 
IB traveling an induced current is produced, on 
closing the circuit, when the wire is coiled into a 
helis. This current induced in the saiue wire is 
called the extra current, and is in the opposite 
direction to the main current, and bo impedes 
its passage and lessens its power. On breaking 
the circuit, an extra current is again induced, 
though in the same direction aa the original cur- 
rent, thus adding to ita strength. This is the 
reason why a greater shock is experienced, by a 
person holding the poles of an induction battery, 
at the breaking than at the closing of a circuit. 
Because of this extra current, the magnetism of 
an electro-magnet does not instantly vanish on 
the breaking of a circuit. It is thus owing to 
the existence of this extra current that the speed 
of an electro-magnetic motor can not be increased 
beyond a certain limit, and so can not be employed 
to any great advantage in mechanics. 

The longer the wire, th^ greater the duration 
of the extra current, sometimes reaching as much 
as three quarters of a second, and hence telegrams 
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can be sent far more rapidly along a short circuit 
than a long one. 

The ease and celerity with which the electro- 
magnet takes up and lays down its magnetism 
renders it of supreme importance to telegraphy. 



CHAPTER XIL 



OEBSTED AND AMFEBE. 



Hans Cheistian Oersted, the father of electro- 
magnetism, and a scientific discoverer of great 
fame, was a native of Denmark, and born in 1777. 
He won the degree of Doctor of Philosophy from 
the University of Copenhagen, in 1799, and im- 
mediately after began the profession of medicine. 

In 1806 he was appointed to the chair of 
Natural Philosophy in the University of Copen- 
hagen. His fame as a physicist, especially in the 
department of electricity, soon spread over Europe* 
His main efforts in science were directed toward 
proving the identity of magnetism, electricity, atid 
galvanism. It was while engaged in experiments 
itKiward this end that he made hid greatest dis- 
covery, that of electro-magnetism, the chief pillsa* 
of his reputation, and, in fact, one of the vei^ 
greatest discoveries ever made in physical science; 
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Many honors were beetowed on Oersted for 
hia brilliant discoverieB. He waa corresponding 
member of the French Institnte, perpetual eecre- 
tarj to the Koyal Society of Sciences in Copen- 
hagen, a knight of the Order of Merit in FruBsia, 
of the Legion of Honor in France, of the Danish 
Order of the Dannebrog, and a councilor of state. 

Oersted was much honored by his country, both 
before and after his death, for it was apparetft that 
his chief aim in life waa to contribute to the im- 
provement and well-being of his fellow-citizens. 

Andr^ Marie Ampferc, "the intellectual Am- 
pere," aa Humlx)ldt named bim, was bom at Lyons, 
January 20, 1775. A shadow was thrown over hia 
whole life by hia father's tragic death, beneatli the 
blade of the guClotine, in the Revolution of 1793. 

AmpSro was a very great mathematician and 
a most distinguished scientist. He was elected 
member of the Academy of Sciences in 1814, and 
in 182i was appointed to the chair of Experimental 
Physics in the College de France. He labored 
hard to show the identity of magnetism and elec- 
tricity, and his theory of electro-dynamics reached 
great fame, 

Althongh Oersted waa the discoverer of electro- 
magnetism. Ampere was the gi'cat expounder of 
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its laws. He was the author of the celebrated 
formula for determining the movements of the 
magnetized needle under the influence of the gal- 
vanic current. 

Ampere contributed very valuable aid toward 
all the departments of electricity. He was an ori- 
ginal thinker of great versatility, and an inde- 
fatigable laborer in the fields of electro-dynamics. 

What was most admirable in Ampere was his 
disinterested love of science, which made him take 
almost as much interest in the discoveries and 
labors of other men as in his own. 

He was a devoted Christian, and fulfilled all 
his religious obligations with fervor and simplicity. 
His distinguished son, after enumerating his claims 
to imperishable fame, ends with these words : " A 
true Christian, he loved humanity. He was good, 
simple, and great." 



CHAPTER SUI. 



THE ELEcmiO TELEOBAFH. 



The positive and negative electrieities of a 
galvanic battery have a wonderful tendency to 
unite, and, when the oppOBite poles are joined by 
a conducting wire, tliese fluids flow togetlier with 
inconceivable rapidity. It matters not how long 
this wire may be ; provided it is a good eondiiotor, 
they win traverse it with the same winged speed. 
Advantage has been taken of tliis attraction be- 
tween the fluids, their great velocity, and the dis- 
covery of the electro-magnet, to devise a means of 
quick intelligence between distant stations. 

The telegraph, from the Greek te?-e, far, and 
graphein, to write, is the medinm of this communi- 
cation. If the wire from the positive pole of a 
battery ran completely around the globe to join its 
negative pole, the enrrent would travel the circuit 
m one second, were the wire's conductivity per- 
fect 
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"Wlien it ia desired to send a signal to a dis- 
tant station by means o£ tlie battery, tbe metallic 
circuit connecting the poles must reach there and 
back; a continnous wire uiust run from tbe posi- 
tive pole to tbe station, and from the station back 
to the negative pole. The fluid will then pass over 
this diatancc and back, from one pole to tbe other, 
forming a complete circuit. 

The principle of telegraphic signaling ia quite 
simple. The wire from the positive pole of a 
battery ia borne along over insulated supports to 
the distant station, where it is joined to tbe helix 
of an electro-magnet, and similarly borne hack 
again to the negative pole of tbe battery, thus 
completing tbe circuit. 

Since tbe celebrated discovery of Professor 
Ateinheil, however, in 1888, that the earth ia a 
perfect conductor, one of the wires has been dis- 
pensed with, the earth taking the place of tbe 
returning wire. To complete the circuit, under 
this consideration, the wire from the copper plate 
of a battery ia extended on insulators to the dis- 
tant station, there joined to the helix of an electro- 
magnet, and thence connected with a large copper 
plate snnk in tbe earth. The zinc element of tbe 
battery is in like manner joined by wire to a large 
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copper plate, also 6unk in the earth. It will 1 
readily eeea that there is thoB a complete circuit 
between the copper and zinc elements of the 1 
tery, through the medium of tho earth and the 
Bingle wire. The positive eleetricitj' runs along 
the wire to the helix of the distant station, 
thence, by way of the sunken copper plate, into 
the ground, and, by way of the earth, back to t 
sunken copper attaclied to the zinc, through wliich 
it reaches the zinc, thus completing the circnit. 
Over the electro-magnet, at the distant statioi 
ifl placed an annaturo attached to a lever movie 
verticaDy on a horizontal pivot, so that, when ( 
armature is drawn down by the attraction of the 
electro-magnet, the oppoBite end of the lever is 
thrown up against a wooden roller. "When ■ 
electro-magnet becomes demagnetized by the breal 
ing of the current, it ceases to hold down the s 
ture. There is a spring attached to the armature 
to draw it up, when freed from the attraction of 
the electro-magnet. The end of the lever thatJ 
presses against the roller has a steel point preciselyj 
fitting into a delicate groove in the roller. Ovt 
this roller is carried a narrow paper tape in a i 
ular and continuons manner, by means of clc 
work. 



THE ELEOTEIC TELEGEAPH. 

At the sending-Btation there is a bey inserted 
in the circuit, by whicli the cuirent can be opened 
or cloeed at the pleasure of the operator. The key 
is a simple spring, which is pressed down by the 
operator's finger to complete the circuit, by estab- 
lishing metallic ctHnmunicatioa between the polettd 
of the battery. 

When the sender presses down his iey, he Ci 
pletea the mrcuit, the current passes over the wire 
to the distant station, magnetizes the electro-mag- 
net, draws down the armatare, and throwB up the 
ateel point against the paper tape passing along the 
roller. The steel point indents the paper tape, by 
pressing it into the groove upon this roller. So 
long as the current passes, the steel point presses 
the paper, making a continuous mark. As soon as 
the circuit is broken, tJie electro-magnet disehai^s 
its magnetism, and the steel point falls away from 
the paper and ceases to mark. Tlie circnit being 
renewed, the point marks again ; and this may be 
repeated as often as the operator pleases. Tbej 
sender can break or close the .cifcnit as often aniS 
as rapidly aa he pleases, and it will be all recorded 
in proper shape at the receiving-station. The 
length of time that the circuit is closed will t 
exactly registered in the corresponding length ( 
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Ethe mark made hy tlte Btcel point. A touch will 

l:}nro<lucc a dot, a continued presetiro a long line, and 

' intermittent repeated touches a senes of dots and 

short lines. These easilj form an alphabet. To 

complete the arrangement, the operator at each 

-Btation must have his own key, as well as electrc 

I magnet. The clock arrangement is so coi 

that the attraction of the armature hj the electro 

magnet, on the first dodng of the circuit, seta i 

in motion. 

The telegraphist's alphabet is the offspring of 
a conventional arrangement of dots and dashes. 
The Morse system of telegraphy is superior to a 
others, its method of notation being by far 
simplest and most complete. 

The following are the Morse charactci-a: 
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Tho wire connecting the stations should be as 
perfectly insulated a^ possible. It is the dispoBi- 
tion of the electric fluids to unite by the nearest 
route. If the wire, before reaching its destination, 
should accidentally come in contact with the earth, 
the current, instead of passing all the way around, 
would speed back to the battery by this shorter 
path. The wire is usually strung to cedar or chest- 
nut pcfes, by means of glass or porcelain connec- 
tions. The ayerage number of poles to a mile is 
thirty. In climates of uniform temperature bo 
many are not requisite ; but with us, owing to the 
great vicissitudes of beat aud cold, there is often n 
variation of iout feet per mile in the length of the 
wire, and the safety of the line calls for this number. 

As in practice it has been found utterly im- 
possible to perfectly insulate the wire, the strength 
of the current is continually ebbing away, pass- 
ing in little streams into the earth; aa a conse- 
quence, messages aro never sent beyond fifty or 
sixty miles without the assistance of a local bat- 
tery. Through the means of an electro-magnet, 
or relay, as it is called, the weak current of the 
main line opens or closes the current of the local 
battery, which then acts instead of the main cur^ 
rent ia working the receiver's armature. 
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The relay is simply an electro-magnet, which 
is placed in the main circuit, and performs the" 
office of opening and closing the current of a 
local battery, at the receiving-station, which bat^ 
tery in turn works the register or sounder. 

Some very limited telegraphic syatems elimi- 
nate the earth connection, finding it more conven- 
ient to nse a continuous metallic circuit, ae, for 
instance, the municipal fire-alarm telegraph. 

Iron wire, about one eighth of an inch in 
diameter, and weighing from three to four hun- 
dred pounds per mile, is univereallj used for tele- 
graphic purposes. The wire is galvanized, to pre- 
serve it from oxidizing. The best wire is made 
from Swedish charcoal-iron. Copper is a better 
conductor than iron, in the proportion of six to 
one ; but iron is much cheaper. 

A switch is attached to every operator's bey, 
to enable him to close the circuit when not 
working. When finished operating, he slides the 
switch in between the key and the wire, thus 
keeping the circuit constantly cloeed. This is 
called the closed-circuit plan, and is the one em- 
ployed on all American lines using the Morse 
method. 

The movement of the armature is confined 
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within fixed litnite by adjustable stops, and bo 
regulated that the armature never altogether 
touches the electro-magnet. If the armature came 
into actual contact with the electro-magnet, it 
would not discharge its magnetism iufitantly on 
the breaking of the current, and so would impede 
the work of recording. 

The paper tape, or regiat«r, is no longer em- 
ployed in this country, except at very small sta- 
tions. In all the large offices, the operators aro 
so expert that they can read the message by the 
sound of the armature, and can so dispense with 
the register. The language of the instrviment is 
so familiar to their ears that they write the mes- 
sage without hesitancy, in the ordinary letters of 
the vernacular. To facilitate thta method, there 
JB attached to the instrument a sounder. The 
armature is made quite heavy, and is operated by 
a strong local battery and relay, to give the 
stroke more volume. An arch or bridge is also 
provided, on which the strode of the armature 
takes effect. The message is read from the spaces 
between the strokes, with which the ear of the 
operator becomes perfectly familiarized. 

The studs of the key through which connec- 
tion is made or broken are platinum, ia order 
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that they may not be oxidized or fueed by the 
curreat'e passage. Tliis key makes the connection 
in as perfect a manner as if the wires themselvea 
were brought into actual contact. 

When the operator at one station wishes to 
transmit a message to another station, he removes 
his switch, breaking the current's flow. The ar- 
matures of the reUys and sounders at both sta- 
tions then fall off from their magnets. By break- 
ing and closing the circuit so as to form the 
characters of the telegraphic alphabet, the arma- 
tures of his own and the distant sounder will re- 
fipoud to every XDOYcment of Lis key, and thus 
the message may be copied by the distant opera- 
tor from his sounder. As the transmitter's own 
sounder answers to the movements of his key, the 
receiver may, at any time, interrupt him, by 
opening his switch and breaking the current. 
The sender is instantly notified of this interrup- 
tion by the failm^ of his instrument to work. 

A number of way-stations may be worked by 
one main line, provided each has its own relay 
and local battery. Twenty-five is aboat the limit, 
however, that can bo advantageously so worked. 

The battery used in telegraphy is, generally, 
some form of Darnell's. The gravity battery an- 
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Lewere the purpose very well. Some telegraph 

Vcompaniea are beginning to substitnte inducted 
dectrieity, inBtead of galranism, for the working 4 
lof their lines. 

Several messages may be sent simultaneously 
over the same wire, by the use of proper mech- 
anism. The best manner of quadruplex transmis- 

I aion is the invention of Preseott and Edison. . 

[Qnadruplex telegraphy is the sending of four dis-J 
patches, two from each of two different stations, 
at the same time. The eminent electrician Pres- 
eott explains his system thus : " The distinguish- 
ing principle of this method conBista in combin- 
ing together two distinct and unlike methods of 
single trausmissiou, in such a manner that thoy 
may be carried on independently upon the same 
wire, and at the same time, without interfering 
with each other. One of these methods of single ■ 
transmission is known as the double-current eya- | 
tem, and the other is the single-current or open- 
circnit system. In the double-current system the 
battery remains constantly iu connection with the 
line at the sending -station, its polarity being J 
completely reversed at the beginning and at the I 

I end of every signal witliout breaking the circuit. 4 
Ihe receiving relay is provided with a polarized I 
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or pemmnentlj magnetic armature, but Las no 
adjusting Bpring, and its action depends eolely 
upon the revereals of polarity upon tlie line, with- 
out reference to the strength of the current. In 
the eingle-current system, on the other hand, the 
transmission is effected by closing and breaking 
or increasing and decreasing the cnrrent, while 
the relay has a neutral or eoft-iron armature, pro- 
vided with a retracting spring. In this system 
the action depends solely upon the strength of 
the current, its polarity being altogether a matter 
of indifference. It will, therefore, be apparent 
that, by making use of these two distinet qnalitieB 
of the current, viz., polarity and strength, two 
Bets of instruments may be operated at the same 
time on the same wire." 

The power of sending any nnmber of mes- 
sages einialtaneonsly on the same wire is only 
limited by the delicacy of the adjustments which 
each additional current would entail ; any nnmber 
of armatures may be attached to the same main 
wire, each so constituted as to be influenced dif- 
ferently by the current's flow. 

There are other systems of telegraphy besides 
the Morse, hut none so much in use, 

A complex form of type-printing telegraph 
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was patented by Royal E. House, of Vermont, in 
1840. The Bain cliemical telegraph, employing 
no electro-magnet, transmits ita siguala by tlie de- 
composition of chemically prepared paper. 

The needle telegraph, depending on the dcflec- , 
tion of a needle by the galvanic current, was in- | 
vented by Baron Schilling in 1832. 

WheatBtone's dial telegraph was invented in 
1839. 

David E. Hughes, of Kentucky, patented a type- 
printing apparatus in 1855, 

Phelps patented an electro-motor printing in- 
Btniment in 1875. 

Telegraphic intelligence may be sent under the 
ocean, as over the land, provided the conducting 
■wire receives proper insulation. The best material 
for the purposes of insulation thus far devised is 
gutta-percha, though even it is far from being 
all that could be desired. Insulation is the most 
difficult problem to be solved in telegraphy, gutta- 
percha having some serious defects. It dries up 
and cracks in sandy soil. It i-ots in very damp 
soil. It ia easily damaged by the careless handling 
of workmen. 

The first successful attempt to send the gal- 
vanic enrrent under water was across tiie Hudson 
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River, between New York and Jersey City, in 
1848. The first attempt at submarine cable-laying 
was in 1850, under the English Channel, between 
Dover and Calais. This first-bom cable had but 
a day's ephemeral life. The next effort, however, 
made the following year, between the same places, 
was a complete success. All the waters of the 
world are now so girdled with cables that all 
peoples are in instant communion, through the 
electric telegraph. 



CHAPTER XIV. 



PBOFESSOB MOBSE. 



Samuel Finley Bbeese Mobse, the inyentor 
of the electric telegraph, one of the greatest men 
of this century, was bom April 27, 1791, at Charles- 
town, Massachusetts. He entered Yale College 
when he was in his fifteenth year. During his 
college-life his fondness for painting amounted to 
a passion, and he excelled in chemistry and mathe- 
matics. The celebrated Benjamin Silliman was his 
Professor of Chemistry. 

Morse was graduated from Yale in his eight- 
eenth year. He went to England in 1811 to learn 
painting, and put himself under the tutorship of 
Benjamin "West and "Washington Allston, ioth 
eminent American artists resident in London. He 
applied himself also to scalpture, and, in the year 
following his arrival in England, received from 
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the hands of the Duke of Norfolk the gold medal, 
the prize offered by the Adelphi Society of Arta 
for the best BiDgle figure in sculpture. 

In 1815, his money being exbaueted, he de- 
parted from England and returned to America. 
For several years he obtained a very precarious 
livelihood, by painting portraits in Boston, Charles- 
ton, and New York. He founded the National 
Acudemy of Design io 1825, and became its first 
president. In 1829 he again visited Europe, to 
perfect himself in his art. After three years he 
returned to New York in the packet-ship Sully. 
It was during this homeward voyage that he de- 
signed the electric telegraph. He had, however, 
been previously for years a close student of elec- 
tricity, and frequently attended the lectures of 
Profeesor Dana on electro-magnetism at the Athe- 
nteum. 

The labors of Galvani and Volta had furnished 
a eonfltant flow of electricity, and Oersted had sup- 
plied the electro-magnet, and thns were the ele- 
ments ready at hand to be molded to the purposes 
of the telegraph. 

Before Morse left the Sally he had not only 
devised, but perfected, in all it« parts, his plan of 
All that is claimed for Morse ia, that 
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he linked together the great discoveries of other j 
men, and fitted them to the pm^oaea of commerce. 
Still, in this alone he performed a wonderful task, , 
requiring a colossal brain and indomitable perse- ( 
verance. Over thirty years after the invention of 
Lis first crude instrument, at a magnificent banquet 
given in his honor at Delmonico's, Professor Morse, 
in alluding to his telegraph, said: "In 1835, ao- ■ 
cording to the concurrent testimony of many wit^ | 
neases, it liaped its first accents and automatically 
recorded them, a few blocks only distant from the 
spot from which I now address you. It was a 
feeble child indeed, ungainly in its dre^, stam- 
mering in its speech; but it had then all the dia-'| 
tinctive features and characteristiea of its present 
manhood. It fonod a friend — an efficient friend- 
in Mr, Alfred TnU, of Now Jersey, who, with 1 
father and brother, furnished the means to give the , 
child a decent dress pi-eparatory to its visit to the I 
seat of government. These few facts suffice here i 
to indicate the birth of the telegraph." 

This Alfred Vail did, indeed, give efficient aid l 
to the new invention. He improved very materi- 
ally Morse's crude instrument, and supplied the 
telegraphic alphabet. Morse had also other valu- 
able helpers. 
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During the latter years of his artiflt-life, Morse 
had a tremendous stmggle for very Bul)si8tence. 

Portrait-painting was not a lucrative vocation at 
that time. An instance of his distress is told by 
one of his pupils. Colonel Strother. "I engaged 
to become," says the colonel, "Morse's pupil, and 
sabsequently went to New York and found him in 
a room in ITniversity Place. He had three other 
pupils, and I soon found that onr professor had 
very little patronage, T paid my fifty dollars ; that 
settled for one quarter's instruction. Morse was a 
faithful teacher, and took as much interest in onr 
progpees, more, indeed, than we did ourselrefl. But 
he was very poor. I remember that, when my 
second quarter's pay was dne, my remittance from 
home did not come, aa expected, and one day the 
professor came in, and said, courteously : 

" ' Well, Strother, my boy, how are we ofi for 
money ? ' 

"'Why, professor,' I answered, 'I am sorry to 
say I have heen disappointed ; but I expect a re- 
mittance next week.' 

" ' Next week ! ' he repeated, sadly ; ' I shall be 
dead by that time 1 ' 

"'Dead, sir!' 

"'Yes, dead by starvation 1* 
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"I was distressed and astonished. I said liur- ] 
riedly, *Wonld ten dollars be of any service?' 

" ' Ten dollars wonld save ray life ; that is all ' 
that it would do.' 

"I paid the money, all that I had, and ws i 
dined together. It was a modest meal, but good, 
and after he had finished, he said : ' This is ray I 
first meal for twenty-four hours. Strother, don't 
be an artist. It means beggary. Your life de- 
pends npon people who know nothing of yonr art, 
and care nothing for yon. A honse-dog lives bet- 
ter, and the very sensitiveness that stiuaulatea the 
artist to work, keeps him alive to saffering."" 

Morse's struggle to have his invention recog- 
nized in a material way by Congress was a long 
and severe one. His faith in his invention, and hia 
invincible perseverance, shine forth with brightest 
luster. He was ridiculed and rebuffed term after 
terra of Congress. Still he persevered, until finally 
his friends succeeded in obtaining for him an ap- 
propriation of thirty thousand dollars. It was the 
last bill passed in the session of 1842. Just pre- 
vious to the passage of the bill, Morse had given 
np all hope, and had withdrawn in despair. 

The following legend is taken fram " Ilarper'a 
Monthly " : " Morse made his preparations to re- 
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turn to New York Dest day, and, retiring to rest, 
sank into a profound slumber, from whiei lie did 
not awake antil a late hour on the following morn- 
ing. But a short time after, wliile seated at the 
breakfast-table, the servant aunouneed that a lady 
desired to see him. Upon entering the parlor he 
encountered Miee Annie Ellsworth, the daughter of 
the Commissioner of Patents, whose face was all 
aglow with pleasure. 

'"I have come to congratulate you,' she re- 
marked, as he entered the room, and approached 
to shake hands with her. 

"'To congratulate me!' replied Mx. Horee, 
' and for what "i ' 

"'Why, upon the passage of your bill, to be 
surel' she replied. 

'' ' You must surely be mistaken ; for I left at 
a late hour, and its fate seemed inevitable.' 

" ' Indeed, I am not mistaken,' she rejoined ; 
'father remained until the close of the session, 
and yoor bill was the very last that was acted on, 
and I begged permission to convey to you the 
news. I am so happy that I am the first to tell 
you!' 

" The professor veiy heartily thanked her, and 
said ; ' As a reward for being the first bearer of 
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the news, yon shall send over the telegraph the 
first message it conveys.' 

" ^ I will hold yon to yonr promise/ replied she. 
^ Remember ! ' 

" ^ Remember ! ' responded Morse ; and they 
parted." 

In May, 1844, the line between Washington 
and Baltimore was completed, and the whole ap- 
paratus in working condition. The professor sent 
word to Miss Ellsworth to come and send the first 
dispatch. Accordingly, she sent the first regular 
telegraphic message ever conveyed between distant 
stations. 

"What hath God wrought!" were the words 
of the dispatch. 

On May 27, 1844, the news of the nomination 
of James K. Polk, by the Democratic Convention, 
was sent from Baltimore to "Washington. From 
that time forward the telegraph grew rapidly into 
public favor. Besides conferring untold blessings 
on his race, Morse achieved a colossal fortune and 
immortal fame. 



CHAPTER XY. 



MAO NETO-ELECTKICITY D YM AMOS. 



Faeaday diacovered, in 1831, that when the 
pole of a permanent magnet was inserted in a coil 
of wire, a current of electricity was induced in the 
coil at the instaiit of ineertlon. The current's ex- 
istence, however, was but momentary. Also that 
another momentary current was induced in the 
coil, in the opposite direction, upon the withdrawal 
of the magnet. In these experiments, the ends of 
the coil were in contact with a galvanometer. So 
long ae the magnet remained at rest in the coil, 
there was no evidence of electric excitement. 
There is thus a reciprocity between the magnet and 
the current. The magnet produces a current, and 
the current a magnet. 

If, instead of connecting the ends of the wire 
with a galvanometer, they be held in the hands. 
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ind the magnet be repeatedly inserted and with- 
Tiwn, a serieB of severe shocks will be felt. 

If an electro-magnet be rapidly revolved on an 
axis in front of the poles of a targe permanent mag- 
net, a series of induced cnrrents will bo manifested 
in the wire of the electro-magnet; for, when the 
poles of the electro- magnet come just opposite 
those of the penuanent magnet, the electro-magnet 
will be magnetized, and induce a current in its 
helix. When the poles are separated by the revolu- 
tion of the electro -m.igDGt, the electro-magnet dia-- I 
charges its magnetism, and so induces a current i 
the helix, in a direction opposite to the previous 
current. There arc thus in every revolution of the 
electro-magnet four induced currents, two in one 
direction and two in the opposite. The direction | 
of the first current is governed by Ampere's for-"! 
nmla. 

By constructing an apparatus in such a way thi 
an electro -magnet may be rapidly revolved in the i 
vicinity of the poles of a large fixed permanent 
magnet, with the addition to the axis of the electro- 
magnet of a commutator, or a break-piece composed 
of alternate ribs of copper and ivory, great streams 
of electricity, and in one direction only, may be 
merated. An instrument of this kind is called 
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a magneto-electric or dynamo-electric machine, or 
Bimply dynamo for brevity. Pynamos are multiple 
in form, and have reached great perfection. Dy- 
namo is from the Greek dunamis, power, and is 
applied to electricity in motion, in contradistinc- 
tion to that in the bonnd or static condition. No 
battery can be constituted to compete with them 
in power; and they are mnch more economical and 
far less troublesome than batteries. Though differ- 
ing much in model and variety of etrueturc, all 
dynamos depend on the same principle of magneto- 
electric induction. 

The dynamo answers all the purposes of the 
battery. Its electricity may be employed in elec- 
trolysis, physiology, ligbting, motion, etc. 

Saxton, Wilde, Siemens, and Wheatstone, were 
early in the field with machines. But Gramme, of 
Paris, has given ub by far the most celebrated 
and, indeed, useful one of them all. His instni- 
ment snpphes a powerful current and in a single 
direction, without the aid of commutators. In- 
stead of an electro-magnet or other armature re- 
volving before and in the immediate vicinity of 
the poles of a permanent magnet, the Gramme 
instrament has a wheel revolving vertically be- 
tween the arms of a vertical permanent magnet. 
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This wheel acta the part of annatare, and is com 
posed of an annular band of soft iron, wounoP 
round with several separate bobbins of insulated 
»pper wire, wLoae ends terminate in radial eop- 
'■■per bands insulated from each other. This ; 
turo acts the part of a combination battery, eact 
bobbin performing the office of a separate cbIT 
having its positive and negative poles. During 
the revolutions of the wheel, the electricity is 
. carried off from each side of the vertical hne by 
■iWire brushes. The vertical ia the dividing line 
pbetween the two halves of the circuit. A con- 
stant, steady, powerful cnrrent of electricity iaj 
thus generated. This dynamo can bo made ■ 
any convenient size, and be driven by a steam- ■ 
fcengine of any number of horae-powers. 

A dynamo of late contrivance Is that called 
the Ferranti-Thompson, and is remarkable for 
cheapness and simplicity of construction, but has 
the great drawback of having alternating currents. 
The Ball unipolar dyBamo-macbine is anothen 
nto invention, in which two armatures are \ 
and in auch a way that only one pole of a mag- 
i presented to each. This apparatus requires 
the assistance of commutators, and demands a 
Lvery high rate of speed. 
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The Baperioritj of the Gramme dynamos r 
in the low rate of speed necesBaiy, and the frea^ 
dom from commutators. Other dynamos require 
in the neighborhood of two thousand revolutionM 
in a minute for effective work, causing tlius i 
rapid heating tip and wearing away of the : 
chine. The Gramme dynamos can do all ne 
Bary work with a speed of three hnndred revolai 
tions in a minnte, and generate a constant, crel 
current, without commutators. 

The dynamos thns far contrived are not wd 
Baited for telegraphic purposes, as the tension i 
quired to overcome the resistance of a long eir- " 
euit would demand what as yet seems to be an 
impossible construction. Dynamos are available _ 
chiefly for electric lighting and electroplating. 

If two dynamos are so employed that the e 
rent from tlie armatnre of one may pass into i 
armature of the other, the electricity generated 
by the motion of one will move the other. The 
dynamo may thus be need as a motive force, ( 
electro-motor, as it is called. Dynamos are i 
used to work machinery and run cars. As i 
electro-motor, however, the dynamo must he said 
to be in its absolute infancy. The longest elec- 
tric railway in the world is in Ireland, betweei^ 
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Portrush and Bushnulls. This line is run by a 
^^ a,».o. ^ i. ^ .a. in extend 

The electricity is conveyed to the motor either 
through the medium of the rails themselves, one 
rail conveying the current to the motor, and the 
other rail conducting it back to the dynamo, or 
by means of an auxiliary conductor. This con- 
ductor runs along between and parallel to the 
rails, and the motor receives the electricity from 
it through a metal brush. This brush is connected 
with the motor, and presses upon the conductor. 
The current is conveyed back to the dynamo by 
way of the rails. 

Electricians are very sanguine of the brilliant 
future in store for their cherished electro-motor. 
The entire absence of smoke and cinders will 
render it nnrivaled for tunnel and underground 
travel; and, even in case of collision or other 
accident, a person will have the comfort of being 
killed without being previously scalded by glow- 
ing steam, or roasted by Hery coals I 



OKAPTEE XVI. 



THE 8T0IIAQE OF ELEOTKICITT. 



By the stora^ of electricity m meant tlic a<v 1 
camulation of a quantity of electric energy, to be 
ueed afterward at will and to suit convenience. A 
storage-battery, also called a secondary battery, ia, 
in truth, an apparatiiB for tranBforining electricity. 
It is not the actual collection of the fluid itself, 
after the manner of Leyden-jars, or prime conduct- J 
ore. Electricity can never bo stored in this wayl 
for any useful or commercial purpose. 

When we wind up the Bpriog of a clock, theS 
force or energy requisite to do so is stored away,. I 
to be used afterward in running the clock. When I 
we turn a crank to draw up the iron hammer of i 
pile-driver, we have eo much energy stored away, J 
to be employed in driving down the pile. So,! 
when, by the force of the electric current, wol 
separate Bubetaiiees that have a great chemical 1 
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lity, the force being removed, these eabetancee 
iombine again, regeneratiDg the Bame quantity ( 
eiectricity that it required to separate them. 

In mechanics it is often desirable to tnuisfon 
[force into speed, or again speed into force. So, i 
telectricity, tension may be transformed into quai 
Ptity, and quantity again into tension. 

Electric transformers are of two clasaea ; one 
regards tension and the other quantity. The very 
life of the secondary or storage battery hangs on 
Newton's principle, "To every action there is an 
equal and contrary reaction," Without reaction 
I WO could have no storage of energy, 

In a Daniell's cell zinc is eaten away, and pure 
I copper deposited. By forcing a current of elec- 
I tricity back through the cell, the copper will be 
I eaten away, and zinc deposited. In the deposition 
I of the pure zinc, we actually store energy ; for, 
■■when the pressure is removed, the affinity of the 
I oxygen for the zinc being free to assert itself, will 
cause their reunion, and so will generate the same 
quantity of electricity that was required for the 
I deposition. 

The chemical affinity of the zinc for the oxygi 

I is called its polarization. The force whicli t 

rates the zinc from combination ia called tlie clej 
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D-motive force ; and the zinc's tendency to reBist 

! force, or indeed its polarization, is called its 

counter-electro-niotive force. The etorage of elec- 

trieitj is the overcoming of this polarization, or 

_,conDter-c)ectro-motive force. 

A storage-battery consists of two plates of leacb 
!ed in a vessel containing acidulated water. 
" enrrent of electricity is sent, by means of an or- ' 
dinary galvanic battery, from one plate of lead to 
the other. The current decomposes the water, 
sending the oxygen to one plate and the hydrogen 
to the other. The oxygen combines with tlie lead 
forming peroxide of lead ; and the hydrogen, reach- 
ing the other plate, decomposes any salt of lead it 
may find tliere, precipitating pure lead, or other- 
! escaping in the form of gas. The enrrent is 
1 reversed, and driven through the arrangement 
In the opposite direction. The current is thus re- 
versed several times, in order to prepare the storage- 
battery, by making the surfaces of the lead plates 
wroas, and so capable of holding a great qnantity 
f peroxide of lead. 
If the lead plates be connected by wire, after 
the battery has been charged, the oxygen that had 
been forcibly driven from its combination in the 
Lliquid, seeks to recombiue, just as a stone forcibly J 



THE STORAGE OV ELECTRICITY. 



ICl ' 



fted from the earth seekB to return, and the effect 
E this tendency of the oxygen is to geDerate an 
actric current in the apposite direction to the ■ 
Hginal one. This is the current that has 1>e^i | 
*Btored, and is to be utilized as storage. 

Gaston Plants made the first storage-battery in 
1859. It consisted of two sheets of lead, ahont ' 
three and one quarter feet square, rolled in a 
cylinder, and placed in a jar filled with dilute I 
sulphuric acid. Strips of felt were placed between 
the lead sheets. He prepared his battery for use, 
by sending the current from three Grove cells 
through it several times ia oppoeite directions. He . 
then charged it, and pernnitted it to bo stand for 
a short time; he finally discharged it, and it was 
ready for nse. 

When tlie Btorage-battery is chaiged, and its ' 
poles connected, it works like any other battery. 
The metallic lead, combining with the acid, forms 
sulphate of lead ; the liberated hydrogen takes the 
oxygen from the peroxide of lead on the other J 
plate, forming water. Wlien both the lead platea 
are reduced to the same condition, the battery is 
discharged, 

Faure's secondary battery, or accumulator, dif- 
} from Plant^'s only in tho preparation. Faure 
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eaves both time and energy by his method. He 
coata the lead plates with a mixture of minium, 
or red-iead, and Bulpburio acid. This red-lead is 
largely changed into sulphate of lead, through the 
action of the acid. The galvanic current, on its 
first action, changes the snlphate of lead upon one 
plate into spongy metallic lead, and npon the other 
plate oxidizes it, forming the peroxide of lead. 

A single cell of either Faure or Plants weighs 
ninety pounds. The box containing these batteries 
ia Goat«d with plumber's cement^ to withstand the 
action of the acid. The thicker the lead plates, 
the greater will be the storing capacity of the bat- 
teries. A secondary battery should he kept in a 
cool place, as heat diminishes its force. 

In the Brush storage system, lead oxide is 
used in connection with lead plates. The man- 
ner of electric treatment is known only to Mr. 
Bmsh. He claims a great deal for his system. 

Plante has lately much improved his battery, 
by a new preparatory treatment. 

D'Arsonval'a secondary battery has a plate of 
zinc and one of carbon placed in a porous cell 
filled with small shot, the whole impregnated with 
a solution of snlphate of zinc, 

Tarley, Kabath, Honston, and Thomson havo 
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given their names to storage-batteries. The lateetl 
improvements in secondary batteries are bj Tribal 
De Lalande, and Chaperon. 

In electric railroading a good system of BtaF«l 

; would be invaluable, as it would obviate the' 
becessity of using either the rails or auxiliary 
londnctors to convey the fluid from the dynamo 
to the motor and hack. For, besides the great 
inconvenience of thus conveying the fluid, it occar 
Bions, moreover, a great loss of current. But tho , 
accumulators thus far devised are too heavy, too* 
expensive, and too prodigal of the primitive caivJ 
rent. Only fifty per cent of the invested elec 
tricity is returned by an accumulator. 

For electric lighting, the accumulator is thni 

: most valuable. It famishes an even, constant 

irrent. No matter how many or how few lampi 

may he connected with the battery, they all bum 

with perfect steadincaa and uniform power. Each 

lamp takes its exact proportion of the power, and 

I more ; so there is no waste. 

The motive power of a dynamo furnishing I 
the electricity for illuminating purposes moat 
work with the greatest smoothness. The least 
failure in steadiness on the part of tho driving 
mgine produces a flicker in the lights, and 
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stoppage for a second would result in total dark- 
ness. The electric current is so sensitive that, 
when a badly laced band from the driving-wheel 
of a steam-engine works a dynamo, the lights in 
a circuit are observed to give a sudden shiver 
every time the laced ends of the band pass over 
the drum. The storage-battery, on the contrary, 
on all occasions furnishes an even flow of cur- 
rent, and so a steady, uninterrupted light. 



CHAPTER XVn. 

THE TELEPHONE. 

The telephone (from the Greek tde^ far, and 
phone^ voice) is a wonderful instrument of recent 
invention, devoted to the electric transmission of 
speech. The sensation of sound is produced by 
the undulatory or vibratory motions of the air 
impmging on the tympanum or drum of the ear, 
and thence, by means of a delicate chain of bones 
and the fluid of the labyrinth, communicated to 
the auditory nerve. 

The undulations of any elastic body, as well as 
of the air, will produce sound. In fact, solids con- 
vey sound better than either liquids or gases, and 
liquids better than gases. The nature of the sound 
depends upon the class of waves occasioning it. 
The lowest tone audible to the human ear is pro- 
duced by sixteen vibrations in a second, and the 
highest by about sixteen thousand. 

The ear recognizes three varieties in sound— 
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tone, intensity, and quality. The tone dependa 
on llie rapidity o£ tlie vibrationa ; tlie intensity on 
the amplitude or depth of the wave ; and tlie 
quality, according to MUller, is due to the order 
in which the velocities and changes of density suc- 
ceed each other in the sound-waves which produce 
the tone. 

If, by any means whatever, we can reproduce 
tho precise vibrations of a sound, they will make 
the very same impression on the ear as the original 
sound. 

The first attempt at transmitting speecli through 
the agency of electricity was made by Philipp Reis, 
a Professor of Natural Philosophy in Friedrichsdorf, 
in 1861, His instrument was a crude one, but the 
principle was correct, Reis was very poor, verj 
modest, without influential friends, and of a deliJ) 
cate constitution, and conseqtiently his invention 
fell through for the time being. Seis's first re- 
ceiver consisted of a helix inclosing an iron rod, 
and fixed npon a hollow sounding-box. Iron rods,* 
when magnetized by the closing of an electric cup 
rent, ai-o slightly increased in length ; and, wheoA 
demagnetized by the breaking of the current, ara4 
restored to their first length. Those differences of] 
length in the rod succeed one another in exact ctyM 
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oordance with the closing or breaking of the cnri I 
rent occasioned hy the vibrations of the sound at | 
the sendjng-station, and are communicated by 1 
rod to the sounding-box, and thereby rendera 
audible at the receiving-gtation. The electro-inag- 
net used by Reis was a knitting-needle wouud with 
Bilk-covered copper wii-c, and his sounding-box was 

La cigar-box, 

la 1876 the problem of transmitting speech 

■electrically was practically solved, and the honor 
of solution is equally claimed by Elisha Gray and I 
Graham Bell. It is on record that both took out ' 
patents on the same day, the 14th of February, 
1876, When tbe time of Gray's caveat expired, 
he was so engrossed with his harmonic telegraph, 
that he committed the formal error of not having 
it renewed, and so the American courts have pro- 
nounced in favor of Bell's priority. 

In the Bell telephone no battery is employed^ J 

_ induced currents doing the work. The action ( 

magnet on a closed circuit has been already J 

ndeBoribed, under the head of magneto- electricity. ' 

When the pole of a magnet is approached to such 

a circuit, an instantaneous current is induced in the 

When the pole is withdrawn, another mo- 

I'jnentary current is induced iu a direction opposite 
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to the former cnrrent. The first current is called 
the inverse, because it is opposite to the magnetic 
current itself ; and the last current direct, because 
it is in a similar direction to the magnetic current. 
If a galvanometer be placed in a circuit, the con- 
duct of the currents will be made manifest. If, 
instead of a single approach and withdrawal, the 
magnet be jerked backward and forward repeat- 
edly, corresponding currents will be induced in the 
circuit, as wUl bo seen by the motions of the gal- 
vanonieter-needle. If, instead of a single circuit, 
we use a coil or helix, the action will be stronger 
and more manifest. If a core of soft iron be in- 
serted in the helix, it will cause a simultaneous 
action in the whole coil, and so increase the 
strength of the induced cnrrenta. If wo aubsti- 
tnte a permanent magnet for the soft-iron core, a 
similar effect may be produced in the helix, by 
approaching or withdrawing a soft-iron armature 
to or from the poles of the magnet. The sofHron 
armature will become magnetized or demagnetized, 
according to its approach to or withdrawal from 
the permanent magnet, and will react on the wire, 
producing induced currents in the helix, whose 
directions are governed by Ampere's formula. 
Every movement of this armature will cause a 
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proportionate current in the helix. So seneitive 
is this coil, that it reeponds to the fainteBt stir of 
the armature. 

If this armature is replaced by a delicate iron I 
disk, which, under the inflnence of sound, will ^ 
vibrate in a manner Bimilar to the tympanum or 
drum of the ear, the alternate morements of the 
disk will be transformed into the induced cur- J 
rents, and tbeao will be stronger or weaker, more J 
or less definite, according to the range and com- 
plexity of the vibrations. These divers currents 
flow along the wire to the receiving-station, where 
they react on another similar iron disk through J 
means of an electro-magnet, reprodaoiug a fao-f 
simile of the original vibrations. It is not neces- ' 
sary that the magnetic core, however, should be 
of soft iron, since the vibratory effects may fol- 
low from differential as well as from direct mag- 
netization ; and so in the receiver, as in the trans- 
mitter, a permanent magnet may be used. Thus 
electricity affords the means of calling into life/ 
at any given distance, vibrations similar to 
vibrations that have been produced, and in thisfl 
way to give out again in one place tones that.l 
been produced in another place. 
t will be understood that the waves or i 
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lations themgelves of sound are cot carried along 
the 'Wire; the electric fluid alone traverBcs the 
circuit from one station to anotlier. Tho vibra- 
tions are not carried, but reproduced ; for it has 
. really been objected that this awful epeed of sound 
overtlirowB the undulatory theory. Sound travels 
in the air at the rate of eleven hundred and twen- 
ty-five feet per second, in water four and one half 
times, in diver nine times, in cast-iron ten times, 
and in hammered iron, where it attains its greatest 
velocity, seventeen tim^ more rapidly. But this 
new advance on the old records upsets entirely, 
it is said, the deductions of Helmholtz. But, in- 
deed, the speed of sound is neither increased nor 
changed, the sound is simply reproduced. 

The Bell telephone consists of a circular wood- 
en box at the extremity of a wooden handle. A 
magnetic bar mns through the handle, with one 
of its poles reaching to about the center of the 
box. This pole of the magnet is surrounded with 
a helix of very fine copper wire. A screw is 
fitted to the other pole of the bar, by which it 
can be moved backward or forward, for the regu- 
lation of the inatrnment. The ends of the helix 
run down through the handle to its opposite end, 
and are thence connected with the line-wires. 



THE TELEPDONE. 

One o£ these wires is borne over insulatore to the 
distant etation, and the other is rnn into the 

■ouod, as in the ordinary telegraphic circuit, J 
5'he vibrating plate is a very thin disk of ironJ 

"J^aced immediately in front of that pole of the ' 
magnet projecting into the box. The rim of the 
disk is fastened to the wooden box by means of 
an India-rubber ring. The disk should be as 
near as possible to the magnetic pole, without 

-ever actually touching it, while Vibrating nnder- 
■be sound of the voice. The mouth-piece is fui 
lel-shaped, the small end of the funnel 
close to the vibrating disk, but leaving a small 
space between the edge of the hole of the funnel 
and the disk. The wooden box should be so 
constituted as to act the part of a aonnding-box. 
There are two of these telephones at each station, 
one to talk into, and which is usually fixed, and J 
the other to hold to the ear. 

A system of alarm-bells is attached to tlie telsil 
phone, in order to give notice when an exchangi 
of correspondence is desired. An electric bell i 
attached to the main circnit, through the medium 
of a commutator, A wire from the bell, and one 
from the telephone, are joined to this commutator, 
vhich is in connection with the main cireuit. ThiH 
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commntator ie made to act automatically. A forked 
hook ia attached to a epring moving up and down 
between the two contacts of the commutator. 
When the telephone-handle is fastened to the hook, 
its weight carries down the spring, and connects 
the main circuit with the bell. When the tele- 
phone 18 removed from its support, the spring, 
being relieved of its weight, flies up to tlie higher 
contact, and connects the telephone with the main 
circuit. Commutators aro also placed in the bell- 
wires, to make connection, when desired, with the 
mmn current, by either pushing an electric button 
or turning a winch, according to the apparatus. 

The battery telephone of Mr. Edison is much 
more powerful than Mr, Bell's, transmitting sound 
to a greater distance and with more distinctness. 
Edison employs a battery in his system, and his 
apparatus is much more complicated than Mr. 
BeU's. In battery telephones, secondary coils and 
induction-currents are used for the main circuit 

Modifications and improvements unnumbered 
have been introduced into the structure of the 
telephone in the last few years. When many 
stations are joined together, a£ iu a city, any two 
are put in communication by means of a switch- 
board located at a central station. 
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An excellent form of battery telephone 
ri)een lately devised by George M. flopkin 
Brooklyn, New York. The disk or diaphrag 
made of mica,, and is one and three qnartere of i 
inch in diameter. The surfaces between which the" 
diaphragm is clamped are of vulcanite, a material 
not liable to warp. It is said that this inBtrament 
icta as well on the Postal Telegraph Company'a 

between New York and Cleveland, 
tanco of six hundred and fifty miles, ae th< 
ordinary telephone does over a dista 
three miles. Telephonic communication was eno^ 
ces^fully carried on through this eamc instru- 
ment, over the same company's line between 
Kew York and Chicago, a distance of one tboa-^ 
Band miles. 

The Postal Telegraph Company has the verj 
best conducting wire yet devised. It is a com- 
pound wire, having a core of steel with a copper 
covering. The steel gives tensile strength and elas- 
ticity, and the copper condnctivity. This wire is 
computed to have six times the conducting capacity 
of an iron wire of equal weight. This wire be- 
tween New York and Chicago has a resistance of 
I fifteen hundred ohms, the best iron wire over thi 
same route has a resistance of ten thousand ohi 
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and the average iron wire in common use oSere a 
resistance of fifteen tliousand ohms. 

Myron L. Baxter, of the United States War 
Department, is the latest claimant for telephonic 
honors. He has discovered that, by throwing the 
whole battery current into the circuit wire, and 
connecting the diaphragm by a wire with the 
ground, the ribrations of the diaphragm caused 
by the Toice can be atilized to make or break the 
current. The effects produced by this system are 
said to be wonderful indeed. Over a copper- 
covered wire running alongside the Erie Railroad, 
speech was distinctly audible between parties seven 
hundred and twenty-fonr miles apart. 

Well, indeed, has Sir William Thomson called 
the telephone " the wonder of wonders," even in 
the wonder-land of electricity ! 



^ 



CHAPTER XVm. 

THB AITBOBA. BOBEALIS, OB BED LIGHTS OF THB 

NOBTH. 

The aurora boreaUs is a Inminons phenomenon 
that lights up at night the northern heavens. In 
the neighborhood of the Arctic Circle it is almost 
a permanent visitor, but north or south of this 
circle its appearance is less frequent. To the in- 
habitants of temperate latitudes it is rarely visible, 
and never in all its matchless beauty. Indeed, the 
beauty of this splendid meteor is beyond the reach 
of language, and must be seen in its Arctic glory 
to be adequately prized. 

In winter, when the sun travels south along the 
ecliptic, the Arctic regions are deprived more and 
more of his beams, until at last he hides himself 
completely from view for weeks together. In such 
times the northern light is, indeed, a welcome visits 
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ant to the dwellers on the Bhorefl of the Polar Sea. 
The auroral light is aufficient to allow them to go 
about the ordinary purpoeea of life. Thia light is 
brighter than the moon's in its first quarter, but 
scarcely ever reaches the luster of the full raoon, 
though it is said bj trarelera to have enabled them 
to read ordinary print. 

The aurora sometimes presents the appearance 
of a bank of dingy clouds, having the form of a 
circular segment resting its ends on the eastern 
and western horizon. The upper portion of this 
segment is illumined by a bluish-white band of 
light, averaging 3° in depth. The matter com- 
posing the cloud-bank is so estremely tenuous 
that very faint stars are visible through it, their 
light passing through nndimraed. Thia cloud be- 
gins to assume shape soon after the sun'a setting, 
and, as the twilight fades, it gradually lights up, 
sometimes throwing out streamers at regular in- 
tervals, presenting the precise appearance of a 
comb. The segment is a portion of a circle whose - 
center is the earth's magnetic pole. This pole is 
at present located ia the Island of Boothia 
Felix. 

Again, the aurora borealis sometimes appears in 
the pillar-form. Large pillars of light seem built 
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ap against tho northern akj, leaning in a direction ] 
parallel to the dipping-needle. These pillars or I 
streamers are in perpetual motion, and look as if 1 
thay were painted on a flag or curtain incessantly i 

lyed by the wind. 

The auroral light varies very much as regardsf 

)r. It being chiefly an electric phenomenon,J 
the color is determined by the rarity or density of] 
the atmospheric region through which tho emrcnw 
It is well established that the most rarefied 1 
air produces a white light ; the most dry air red ; 
and the most damp produces yellow streaks. "In j 
the higher latitudes," says Humboldt, "tlic pre 
vailing color of the polar light is uenally i 
;.while it presents a milky hue when the aurora i 

faint intenaity. When the colors brighten, thej 
lume a yellow tinge ; the middle of the broad 
ray becomes golden yellow, while both the edges 
are marked by separate bands of red and green. 
When the radiation extends in narrow bands, the 
red is seen above the green. When the aurora 
moves sidewise from left to right, or from right 
left, the red appears invariably in the directio 
iward which the ray is advancing, and the green I 
Ijehind." 

Tho auroi-a is not at all local in its character.-l 
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as it has been witnessed BimulUDeouslj in Europe, 
Asia, and America. Lite the rainbow, it appeara 
differently to different observers. While to all it 
preservea its characteristic featuros, still each one 
sees his own aurora, as he does liie own rainbow. 
It is owing to this peculiarity that there has been 
such a vast discrepancj in the estimate of its 
height. In trying to find the aurora's parallax, 
no two observers can see the same point, at the 
game time, in the same way. In all probability, 
its average height may be set down at seventy 
miles above the earth's surface. Some auroras are 
much higher, some much lower. There is a pop- 
ular belief that a crackling noise accompanies the 
aurora, resembling the swaying of silk in the wind ; 
but the celebrated travelers and voyagers, Parry, 
Franklin, Richardson, Giescke, Bravais, "Wrangel, 
and Anjou, never heard it ; so that it must, in all 
probability, be attributed to the cracking of dis- 
tant ice-fields. 

It is qnite safe to eay that the aurora borealia 
IB of electric origin, and is very intimately con- 
nected with the magnetism of the earth. It very 
sensibly affects the magnetic needle, causing it to 
tremble and deviate from point to point. Ita un- 
usual splendor presages electric storms, and its 
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inency and grandeur are indexes of solar pap- 



Sun-spots are great chaams in the sun's shells, 
rent and torn bj solar explosions. These chaenis 
are enorraons in size, one of them, for instance 
—but, indeed, the greatest known to astronomy— i 
:d 153,500 miles in diameter, and would 
lily hold one hundred globes the dimensions of 
earth. An increase in the number of spots 
lows unwonted activity in the great central orb. 
These spots have a periodicity. They reach their 
greatest nnmber every eleven years. The auroral 
displays, as regards brilliancy and freq^uencj, fol- 
low the same period. In fact, the solar spots in- J 
flacnce the aurora borealis. We have had a very 
striking and signal proof of this quite recently. 
On April 16, 1832, two immense spots appeared 
m t!ie sun, and presented the unusual spectacle . 
undergoing perceptible change right under the J 
'e of the observer. Commotions of an unwonted 
character were going on in the sim. The magnet- 
ism of the earth almost immediately r^ponded to 
the magnetic storm in the sun. An aurora of 
great splendor made its appearance that night.' 
magnetic storm raged on the earth the next ] 
ly. Messages were sent along the wires with- I 
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out the nse of batteries ; in Bome places tLe 
■wires refused to work, and the Atlantic cable | 
was crippled. 

From tlio 12tb to the 19tli of November, 181 
a tremendous spot, exceeding in magnitude the ' 
April apote, traveled across the sun's disk. Dar- 
ing a portion of this period, a very hnrricane of I 
magnetic forces raged on the earth, culminating, 
on the 17th, in one of the most terrific magnetic 
BtonnB ever recorded. During all this time fine i 
auroraa were observed in Europe, but the chief 
displays in this country ware on the nights of the 1 
17th and 19th, The telegraph wires were again 
woi'ked without batteries. Sparks of fire leaped 
from wires and instniments. The operators were 
appalled, switch-boards were burned, and keys 
melted. The electric disturbance was without a 
parallel. The auroral displays were wonderfully 
brilliant. Ad immense band of fire spanned the 
northern heavens, and a blending of rose-color, 
green, violet, yellow, and orange lights added 
beauty and variety to the scene. 

The last mighty spot was in the beginning of 
last October, jest after the passage of the comet, 
when beautiful auroras appeared in England, Scot- 
, and "Westera Europe. 
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II The years 1881 and 1882, and beginning of 1 
u83, corrraponded to the maximum of the sun- " 
^t period, and, sure onongh, they have been re- 
■larkable for auroras and magnetic digturbances 
on our planet's surface. 

I<enstr5m lias lately given ns a direct and defUf 

I nite proof of the electrical nature of the aurora^ 

^^^borealia. In November and December, 1882, he 
^^H[^odnced artificial auroras at Sodankyla and Xnl- 
^^^"tala, Laplatid. The first experiment was made on i 
t!ie mountain of Oratunturi, near the village of 1 
Sodankylii ; and the second, on the mountain of J 
Pictarintnnturi, near Kultala. Both experimental 
were, in the main, identical. A long copper wirsf 
was bent into a scries of squares within gquarcs, ' 
and placed, in an upright position, on the top of 
I the raonntain. The bent wire presented a total 

apace of over nine hundred square yards. At dis- J 
tances of more than one half a yard, along the] 
^^^^whole wire, on opposite sides, were projected points ■ 
^^^^Bf tin. The copper wire was connected with a 
^^^Kalvanometer, and thence with the earth. The ex- 
I periments were entirely enccessful. Artificial au- 

roras were called into life, and the fact mainly 
^established that the aurora borealis ia an electria,^ 
igbt. 
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Those who have gone down in ships to the 
southern seas tell of similar auroras streaking the 
heavens toward the south magnetic pole. The 
northern and southern lights are now classed to- 
gether, and called very properly the polar lights. 
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EXPERIMENTAL INVESTIGATION OF TABLE-MOVING.* — 

BY MICHAEL FABADAY. 

The object which I had in view in this in- 
quiry was not to satisfy myself — ^f or my conclusion 
had been formed abeady on the evidence of those 
who had turned tables — but that I might be en- 
abled to give a strong opinion, founded on facts, 
to the many who applied to me for it. Tet the 
proof which I sought for, and the method fol- 
lowed in the inquiry, were precisely of the same 
nature as those which I should adopt in any other 
physical investigation. The parties with whom I 
have worked were very honorable, very clear in 
their intentions, successful table-movers, very de- 
sirous of succeeding in establishing the existence 
of a peculiar power, thoroughly candid, and very 
effectual. It is with me a clear point that the 
table moves when the parties, though they strongly 

* From the London '* Athenaeum," July 2, 1868. 
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wish it, do not intend, and do not believe that 
tliey move it by ordinary mechanical power. They 

Bay the table draws their hands; tliat it moves 
first, and they have to iollow it, that sometimes it 
even moves from nnder their hands. With some 
the table will move to the right or loft according 
as they wiah or will it, with others the direction 
of tlie first motion is uncertain ; hut all agree 
that the table moves the hands, and not the hands 
the table. Though I bcheve the parties do not 
intend to move the table, but obtain the result 
by a jwQwi-in voluntary action, still I had no doubt 
of the influence of expectation upon their minds, 
and tlirough that upon the success or failure of 
their efforts. 

The first point, therefore, was to remove all 
objections due to expectation, having relation to 
the substances which I might desire to use : so, 
plates of the most different bodies, electrically 
speaking, namely, sand-paper, mill-board, glue, glasB, 
moist clay, tin-foil, card-board, gutta-percha, vul- 
canized rubber, wood, etc., were made into a bun- 
dle and placed on a table under the hands of a 
turner. The table tamed. Other bundles of 
other plates were submitted to different persons 
at other times, and the tables turned. Hence- 
forth, therefore, these sabstances may be used in 
the construction of apparatus. Neither during 
their use nor at other times could the slightest 
trace of electrical or magnetic effects be obtained. 
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K,t the same trials it waa readily aBcertaincd theAM 

rson could produce the effect ; and thi 
motiou was not necessarily circular, but might be 
in a straight line. No fonn of esperimeut or 
mode of observation that I coold devise gave me 
the slightest indication of any peculiar natural 
force. No attractions, or repulsions, or signs of 
tangential power appeared, nor anything which 
could be referred to otJier than the mere mechani- 
cal pressure exei-ted inadvertently by the turner. 
I therefore proceeded to analyze this pressure, or 
that part of it exerted in a horizontal direction — 
doing BO, in the first iofltance, unawares to the 
party. A soft cetncDt, eonasting of wax and tur- 
pentine, or wax and pomatum, was prepared. Four 
or five pieces of smooth, slippery card-board were 
attached one over the other by little pellets of the 
cement, and the lower of these to a piece of 
sand-paper resting on the table ; the edges of 
these sheets overlapped slightly, and on the under 
surface a pencil-line was drawn over the laps so 
as to indicate position. The upper card-board 
was larger than the rest, so as to cover the . 
whole from sight. Then the table-turner placed! 
the hands npon the upper card, and we waitodJ 
for the result. Now, the cement was strongfl 
enough to offer considerable resistance to me-M 
chanical motion, and also to retain the cards inl 
lay new position which they might acquire, andi 
; weak enough to give way slowly to a con'l 
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tinned force. "When at last the tables, cards, and 
hands all moved to the left together, and so a 
true result was obtained, I took np the pack. 
On examination, it was easj to see, by the dis- 
placement of the parts of the line, that the hand 
had moved farther than the table, and that tho 
latter had lagged behind ; that tho hand, in fact, 
had pushed the upper card to the left, and that 
the under cards and the table had followed and 
been dragged by it. In other similar cases when 
the table had not moved, still the upper card was 
found to have moved, showing that the hand had 
carried it iii the expected direction. It was evi- 
dent, therefore, that the table had not drawn the 
baud and pereon round, nor had it moved simiiltane- 
onsly with the hand. The hand had left all things 
under it behind, and the table evidently tended 
continnally to keep the band bock. 

The next step was to arrange an index, which 
should show whether the table moved first, or 
the hand moved before the table, or both moved 
or remained at rest together. At first this was 
done by placing an upright pin fixed on a leaden 
foot upon the table, and nsing that as the ful- 
crum of a light lever. The latter was made of a 
slip of foolscap paper, and the short arm, about 
one quarter of an inch in length, was attached to 
a pin proceeding from the edge of a slipping 
card placed on the table, and prepared to receive 
the hands of the table-turner. The other arm, of 
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eleven aod one half inches long, Berred for the in- 
dex of motion. A coin laid on the table marked 

the normal position of the card and index. At 
first the slipping card was attached to the table by 
the soft cement, and the index was either screened 
from the turner, or the latter looked away ; then, 
before the table moved, the index showed that 
the hand waa giving a resultant pressure in the 
expected direction. The efEect was never carried 
far enough to move the table, for the motion of 
the index corrected the judgment of the experi- 
menter, who became aware that, inadvertentiv, a 
side force had been exerted. The card was now 
set free from the table, i. e,, the cement was re- 
moved. This, of course, could not interfere with 
any of the results expected by the table-turner, 
for both the bundle of plates spoken of and sin- 
gle cards had been freely moved on the tables 
before ; but now that the index was there, wit- 
nessing to the eye, and through it to the mind, 
of the table-turner, not the slightest tendency to 
motion either of the card or of the table oeenrred, 
Indeed, whether the card was left free or attached 
to the table, all motion or tendency to motion 
was gone. In one particular case there was rela- 
tive motion between the table and the hands ; I 
believe that the hands moved in one direction ; 
the table-turner was persuaded that the table moved 
from under the hand in the other direction ; s 
gauge, standing upon the floor, and pointing to 
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the table, was therefore set up on that and some 
future occasione, and then neither motion of the 
hand nor of the table occurred, 

A more perfect lever apparatus was then con- 
Btracted in the following manner : Two thin boards, 
nine and a half inches by seven inches, were pro- 
vided ; a board, nine by five inches, was glued to 
the middle of the under side of one of these (to be 
called the table-board), so as to raise the edges free 
from the table ; being placed on the table, near and 
parallel to its side, an upright pin was fixed close 
to the farther edge of the board, at the middle, to 
serve as the fnlcrnm for the indicating lever. Then 
four glass rods, seven inches long and one fonrth of 
an inch in diameter, were placed aa rollers on differ^ 
ent parts of this table-board, and the upper board 
placed on them ; the rode permitted any required 
amount of pressure on the boards, with a freo 
motion of the upx>er on the lower to the right and 
left. At the pa,rt corresponding to the pin in the 
lower board, a piece was cnt out of the upper board, 
and a pin attached there which, being bent down- 
ward, entered the hole in the end of tlie short arm 
of the index-lever ; this part of the lever was of 
card-board; the indicating prolongation was a 
straight hay-stalk fifteen inches long. In order to 
restrain the motion of the upper board on the 
lower, two vulcanized rubber rings were passed 
ronnd both, at the parts not resting on the table ; 
these, while they tied the boards together, acted 
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also as springs; and while they allowed the first I 
feeblest tendency to motion to be seen by the index:, 
exerted, before the upper board had moved a quar- 
ter of an inch, sufficient power in pulling the upper 
board back from either eide to resist a. strong 
lateral action of the hand. All being thus ar- 
ranged, except that the lever was away, the two 
boards were tiod together with string, running par- 
allel to the vulcanized rubber springs, so as to be 
immovable in relation to each other. They were I 
then placed on the table, and a table-turner sat down i 
to them; the table very shortly moved in due 
order, showing that the apparatus offered no im- 
pediment to the action. A like apparatus, with 
metal rollers, produced the eame result under the 
hands of another person. The indes was now put 
into its place and the string loosened, so that the 
springs should come into play. It was soon seen, J 
with the party that could will the motion in either I 
direction (from whom the indes was purposely hid— 1 
den), that the hands were gradually creeping up in 
the direction before agreed upon, though the party 
certainly thought they were pressing downward 
only. When shown that it was so, they were truly 
surprised ; but when they lifted up their hands 
and immediately saw the indes return to its normal 
position, they were &jnvineed. When they looked 
at the index and could see for themselves whether 
Jbey were pressing truly downward or obliquely, 
^b aa to produce a resultant in the right- or left- 
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handed directioo, then such an effect never took 
place. Several tried for a long wliile together, and 
with the best will in the world ; hot no motion, 
right or left, of the table, or hand, or anything eUe, 
ooenrred. 

I think the apparatus I have described may be 
useful to many who really wish to know the truth 
of natnre, and would prefer that truth to a mie- 
taken conclusion ; desired, perhaps, only becaneo it 
BeemB to be new or strange. Persons do not know 
how difficult it ia to press directly downward or in 
any given direction against a fixed obstacle ; or even 
to know only whether they are doing bo or not, 
unless they have some indicator which, by visible 
motion or otherwisCj shall instruct them ; and this 
ia more especially the ease when the muscles of the 
fingers and hand \\Rve been cramped and rendered 
either tingling, or insensible, or cold, by long-con- 
tinued pressure. If a finger be pressed constantly 
into the corner of a window-frame for ten minutes 
or more, and then, continuing the pressare, the 
mind be directed to judge whether the force, at a 
given moment,' is all horizontal, or all downward, or 
how much is in one direction and how much in the 
other, it will find great difficulty in deciding, and 
will at last become altogether uncertain — at least, 
Euch is my case. I know that a similar result 
occurs with others ; for I have had two boards ar- 
ranged, separated, not by rollers but by plugs of 
vulcanized rubber, and with the vertical index ; 
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Aen a person, with his hands on the upper board, ' 
I requested to press only downward, and tlie index 
M hidden from his sight, it moves to the right, to 
the left, to him, and from hira, and in all horizontal 
directions ; so utterly unable is he strictly to fulfill 
his intention without a viBible iind correcting in- 
dicator. 

Now, such is the use of the instrument with the ' 
horizontal index and rollers : the mind is instructed, 
and the involuntary or y^fim-in voluntary motion is 
checked in the commencement, and therefore never 
rises up to tho degree needful to move the table, or 
oven permanently the index itself. No one can 
suppose that looking at the index can in any way 
interfere with the transfer of electricity or any 
other power from the hand to the board under it, 
or to the table. If the board tends to move, it may 
do so, the iudex does not confine it ; and if the 
table tends to move, there is no reason why it 
should not. If both were influenced by any power 
to move together, they may do bo — as they did, in- 
deed, when the apparatus was tied, and the mind 
and muscles left unwatched and unchecked, 



M. Takadat. 



BoTU. IMSTITOTION, Jane $7, ISSS. 



I . THE 



D. APPLETON d CO.'S PUBLICATIONS. 



THE ELECTRIC LIGHT! Its Qiatocy, Production, and Appli- 
' ^ii. Alqlate and J. Boulirs. TnLcatatcd from Ibe 
French by T, O'Conor Sloanc. £ilit«d, witb Notes and AdditiooB, by 
C, U. Lungrcn. With 250 IllustTitions, 8vo. Cloth, fO.OO. 

"Not one of Ihs recent eclantlflc pDhllcstioniwai more needed or 1> more 
Ukety to be eegerTj weJcomRd ttiui > clesr, eibaatllve, nud BDtborlUitlve sccODot 
ul tba applicaCioa of electricllj to the prodnctloo at littht. We in ludubled \.o 
MrrerH. Applcioa for Issuing, tn a largs Tolnme of 4sa pigea, UlDemted wllb 
ESYonl fanudred woodcalx, sn CngllBb innslutiDn of tUe well-kuowu tieiliie bj 
MM. AJglayo uid Boulsrd.''— J\'«ir iork il-un. 

ELECTRICITY AND HAGNETI8H. Bj rLiEuiNa Jenkui, 

Prolessor of EagincBiing in the University of Eduiborgh, HIub- 
trolcd, DJid Index. Wttb Appendix on the Tclcphotic and Uicro- 
phonc. ISmo. Cloth, |1.60. 



■ 



"Tho pbn followed In tbla book Is u followg: Firat, a gepenl iTntbetlcal 
view or the tclence has been riTsn, in which the main phenomona are doacrlbBd 
and the lenna amplojed upUbed. If tbis portloo at th* work can b« nuuteiwl, 
ths itodant wlU then bs nadilr abla to mideiatand what (Ollowa, Tla., Iha dfr 
■citptlon of th* appaialoa ued to meainre electrical oaKsitiidee and to piodnca 
eleotrleilrnndBrTariaiucoDdltioBa. Tha nneral tbeor; of eleetrldtr la penna- 
nent. dipendlne on no hypothiBla. and It ha* bean tha anlhor'i aim to atiti tbi* 
eenenl ftaeorj fn a connected manner, and In ench simple fbrm Ibat it mlgbt ba 
rcadllj noderitood bj praelical Oiear—Fnm Vu InfrodveUan. 

ELEMENTAKY TREATISE ON NATURAL PHILOSO. 
PHY. Bj a, PalTii Desciunei., formerly FrofcBSor of Phyelofl 
In the Lyc£e LouiE-Ic-Grand, Inspector of Ibe Academy of Paris. 
Tmtiskted and edited, with EitcnBiic Modifications, by J. D. Ever- 
ett, Profesaor of Natural Philosophy in the Quccn'a College, Belfast 
Sixth edition, revised, complete in Four Parts. Illustrated by 783^ 
EngravingB on Wood, and Three Colored Plates. 

Part I. Mechahics, HTnaosT*Tic?s ahd Phkomatics. Clotb, jl.SO.J 

Part II. He*t. Cloth, $1. bo. 

Part in. Electricitt jnh Magnetism. Cloth, fl.BO. 

Fart 17, Somro isn Light, Cloth, |1.B0. 

Complete in one volume, Svo, with Problems and Index. 
8B.70. 

" SystematlniUy arranged, tleaclr w: 
no Icsa tban IBS eneiaTioea on wood s 
work Tor a class or eTperlmeots) ii 



rttb anj of the treabneai or force of ISs author's UiV^Salurday 
New York: D. APPLETON & CO., I, 3, i a Bond Street, 



D. APPLETON d CO.'S PUBLIQATI0N8. 

DYICAnO-ELECTBICITY t Iw Gensntion, Application, Trana- 
misaion, Storage, and Uuaaurement. By Geoeqe C Preecott. With 
MS Illuetraiiooa. Svo. Clotli, $n.0O. 

"Tlie dI»ctmcliM of FmilaT. Hjorib, Fadnattl, >Bd Grumnte, which cnl- 
miiiUHl <D tbe eTolmlon of IBu mndern dynuno-eleclilc Eeurnilor, bave hdb- 

tUiHJ uswUb an economlaU ec 
iitDMrlal purpose*. Todctciibe tbe i 

niESiuiiie, and riorini Ibis pom^r, Ii tb« olljecl 
wHliuiUiin work."— Avm fAiJ^tfilM. 

BELL'S ELECTRIC SPEAKTIfG TELEPHONE : Ita In- 

veotioD, CoDstruction, Application, Modification, aod llistoiy. Bj 
Geossr B. Fuscott. With 330 lUustrationB. Svo. Cloth, (4.00. 

" Tba o1i||ect wblch we have had In tlewln preparloe tht> workhaa bwm to 
fnrplali the pabllc wlih a clsar aod accnnle dai:rlptJon nr the oion iteeat and 
UPalUl ImprUT^meDU In elecirical acknce, anit eeptclallj la explain the prtsd- 
ptea and operatton o[ that Dianelnne prwIBrtinn. the (tpcahlne Te[Ephoiie. la 
glrln; panlcolar prodiiriciice 10 this part of tlia aabiocl, bowevrr, nflDBTfl bj do 
meana kiU tiflM oT aootber matter In connccUnu tbernHllii o[ coneideiatila hli- 
lorlcal imporUiiM, and which has aleo eltciled an nnnaoal amonnl of genenl 
latsreil. The qaeltlon aa lo t/hoin wc are Indebted lot tbo relephone la ous 
which. In conafqaeiice otlheconfltcliajjelalcmeEta Ibal hate appeared from lima 
lu dme. is. 10 mj the lea»t. eilremoly pniilini;. We baTO, Ihererun-, endUTOTSd 
to eln- It the aiLeutinn Ita Itupurlance dtniaiid'. In ordur 10 aniTe at a true ■illa- 
tion ot the problem, and. Id dohicr ro. haie (sken everr opportDbltr (o conacit 
all available aulhuiJiiEa on Ihe »a\f\scx,"—e'rom IhtJ^faoi. 

ELECTBICITY AXD THE ELECTRIC TELEGRAPH. 

Bj GsDRaR B. Phescdtt. With IlluBtrations. Fifib edition. Svo. 
Ciotb, 15.00. 



n Ibla cnnnlry. 



no toe lereerapn, 

. . -IB abroad, and at 

uio.uuc,iu»;d<>,'<>-,>.v.,.. ^~.r DiiUHial foF the InforiMllpn Bud Biild. 

ancaarthaBeeniairedin the illffiirentlitanchet or the lelegnphlc service. EipB- 
dal attanUm hSiTbeOT paid la the yohnniuona cmtribnlkma of Gcnnanj. a 
DBtlnn wboaa elMtridaaa nnqneatlonablT occnnj the bremoel rmik amoiig dia- 
oorenn and Inrentore. bnt wbo« labort ba»e liarBlDfora rematucd tor [be moit 
putt unknown to the Ensllah rMder. The dlecoveriei, tarnitlOM. and pracUcaJ 
tm prove menlB of the paat few joani. eppeelallr thoBO relating lo thp dnplei and 
qoadrnplei method* of iranBmla.lon, and to ihe Ini proved irpe-prlntlnB "ppa- 



te with the J 



bed and lib 



tUnsIrali d for Ihe llr»t tinie wlrh a con.Blet*rea 
ImporlancB ot the fubicci,"— /Vom the l^tKt. 



THE SPEAKING TELEPHONE, ELECTRIC LIGHT, 
AND OTHER RECENT ELECTRICAL INVENTIONS. 

Bj Qkomb B. Pbescott. New edition, with 200 nddiiional pagpi, 
iocluding Illuatratcd deacriplIonB of all ol Ediaon's inventioDB. S14 
lUuBtralioni. Svo, aoth, Ji.OO. 



JfewTork: D. APPLETON & CO., 1, 3, & B Dond Street. 



, APPLETON d CO.'Q PUBUGATI0N8. 



Firgnage- 



■fhysical treatise on electbicitt attd 

■BtAGNETISH. Bj J. £. H. Gordon, B. A. Camb., Member at 
F the iDtcrtmtianiLl CongrcBS at Electriciam, Paris, ISHl ; Manogec of 
the Eledrio Light Deiurtroant of tbc Telegraph CumitruclioD and 
UfLintcDnnce Company. Sedond ecition, revigcd, rearraaged, and 
enlarged. Two TOlumea, Sto, with about 312 full-page and other 
Illustrations. Clotb, flO.OO. 

>o book m Bnellld— we think Iheic ii none la anj attaet 

._, nlm treatmonl oVeioctrlcsl problBniB.'il aoBcrtboa with 

mlDuU urehilDoii tbe liistiameDtl Bud melbodi in uae in ptiyi-lul labonilorlcs, 
■n<] in prodt;;!! ol beiutUiLU]' eiecntad dlasruuB and diawlnga miide to scale."— 
ZcnifBii Tima. 

"TbEniDdnmeDtiilpaintlnths whole workiB Kb porfoct reflection of all that 
Is bcM in tliB moiiorn modes at rejnioiliie eleclrlc uud magnetic lOrcB?, and in 
tlie modern metboiie oI cooatracIiaR clactrlcBl iaa.ramiaiXa,"—Eagitieering. 

A PRACTICAL TREATISE ON EI^ECTBIC LIGHTING. 

Bj J. B. II. GoaooN, nmhoc of " A Pliyaical Treftdae on Electricity 

ftnd MagQcllsm " ; Member of (he Paris Congreas of Electriciana. 

With Twenly-threfi full-page Plates, and numerous Blufllrationfl in 

the Text, 8>o. Cloth, (4.60. 
"TIlUnorkhaibeeHllI rf«PlMlli^ft«r?onio twojean, ■odhashcenmodl- 
floj agsta and a^ln ai tba acicoce of which it Ireais baa proereiifed, in order 
tbat li mi^t Indicate tlie bIjiLb of thnt scleuce isn aoarlr up to the prsaeat 

THE arODERN APPLICATIONS OF ELECTHICITT. 

By E. HoBPiTitratt. New edition, rensed, with many Additions. 

Translated by Julius Maier, Pb.D- 
Vol. I. Eleothio Geskhatoss, Electrio Lioht. 
Vol. II. Tklefhosk: Various Applications, Electrical Transmission a|:| 

Two volumes, Svo. With numerous Olnstrationa. ,. ^v 
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D. APPLETON & CO.'S PUBLICATIONS. 

ROSCOE»8 CHEailSTRY-Part II of Volume III. 

A Treatise on Chprnialrj. Bj H. E. Hobcoe, F. R. S., and C. Scnon- 
LEXUBK, F. K. S., ProreBsore of Giemiatry io the Victoria Unker- 
Bity, Owens College, Manoliealer. Volume III — Part II. Thi 
Cqeuistbt or the HtDaoaiRBoNB ikd tbeir Debitatites, or 
Obganic Cdehistrt. CoiDpleting the work. One yoL, Sto, 653 
pages. Cloth, tCOO. 
%• Tht jwwiMU (oftuntJ ere : 

Inorpiiuo Chemijtry. Vols. I uid It. Vol. I. NoN-MrniLic El«- 



io Chemistry. Vol. III. Parti. The CaEHisinT o» the Hydeo. 

IBBONS AND TIHIB DEniViTITia, OE OROANIO ClimiETRT. SvO. 

s.oo. 

leiramiDee- 
t." — Lonaon 

ELEMENTS OP CHEMISTRY. Bj Professor F. W. Clarkb, 

Chemiat of the United States Geological Survey. (Appletous' Science 

Teit-Books.) 12nio, cloth, $l.fiO. 
"The aalllDr In Itais teit'lnok presenU lbs dlfflcnlflcs of chemical gctencs to 
c]smeDUi7 eludenta progtegalreLy, nail bu hi arrauged the belps In the Icit lod 
nolei thai those who hare Io Blud; withoDl ■ teacher cnii rcadl]; make certain 
proin'CaB. To Ihoaa who aindf the Kleiuie aa a part of their geaeral edDCallOD, 
and applj It marelTlo the ciDrj-daT anpllcatloDg of life. Ibis book will be foand 
arqply completA. To meb aa aeek an a^Taoced coprae of technjcal chemleal tralD-> 
log, thli work «in terrs at a aoDad, ac*eDlUl<i baala Ibr hlglier eudy. The siperi- 
menta cited are ilmple, and can b« readilTperlbrmedb; the BtpdeDtbtinaeir with 
■pparalaa and matariali eaallf aecared. Ttae qnoillona and eierdiea at tin end 
or the book are not eibanaUTe, bnt ang^ftlTe andillinnlBtlni! to Ibrtber InvaMlea- 
tlon. Tbe book la dirlded Into two parla. Inorganlo and Omnle Chemlilrr. 
Ad appendix Kiret ■ comparatlre lacle ot Engliab and mBtrlc tahlea, elc."— 
Boitim JounuU qf SdvcaOm. 

TEXT-BOOK OF SYSTEMATIC MINERALOGY. By 

IIiLLiJtv BiDEEMiS, F. Q. S,, Aesodiile of the Royal Schcgl of Ifinea. 
IBtdo, cloth, $3.25. 
TEXT-BOOK OF DESCRIPTIVE MINERALOGY. By 

JIiLLiRT Bauermin, F. G. S., Aasooiate of the Rojal School of Minei 
ISmo, cloth, (2.26. 

New Tort: D. APPLETON Sc CO., 1, 3, & 6 Bond Street. 
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D. APPLETON & CO.'S PUBUQATIONS. 



BRAIN EXHAUSTION, with Eome Frcli miliary Considcnitions oa 

Cerebral Dynamics. By J. Ledsars Cohsino, M. D,, formerly Kesi- 

dent Physician to the Builaoa River State HospitAl for the luBuie. 

Crown 8ro, cloth, f B.OO. 

" The BUtbor berfni hy liylm ■ brond foonaallm for hla dedBetloDB In con- 

" Ingllio lnwo(lliH«ni»BrilblIityor' -.-...._-..- ..... ... 

wVnm ' — '—•-->■ 



panllBKim twiwoen JDinliDBte physKa ond cerebral Rctioa In cIok^ : 

our >ntiior, ind wltb excullsDi nnilia. Dr. f' — ' ■*- " ' 

irblcli ippEiir Id be iruva ftom wide txant 
oitlillieBkmorBEninfldKienttBt. He&nl 



Dr. Cornlug prooe ^ , 

Id be drawn (ram wide txpnrleDce and ttadj. waA to manbil iham 

which coDdncQ lo bnfo eibaaxtlnii in tba phyBJcol BenBe, aacli aa ukubul-drluk- 
Ing, lobacco, BiBe«el*e aeiaalliim, Imtjiiuiir boara, etci in tba manul •«nae, 
iirernork, wbathlir tu iliiilyind DDtfiiHa. Irel aod worry, IklKe edncatlonal inetb- 
od», Mc. HecDDClndea wltbaaamoiaryoribe prlDcipleaatbnin bygleiiici. and 
IndJcataaTery clearly bow brain r-'-"'" i™_™~ii~i i..(.,~ ■...•...i — .1 

of blood to maBCle aud bialn. It 

apecli) medlcaiion, ait The bi ... 

trofeaeional'loitio. It la a timely work, which eycrylhintlne man can read wHi 
ilerest wlibont belnB a jihyaiclan. Brslo-worlipra ovefirwhure caa study IbU 
able dl^cBtwltli both prodt add pleiuuis."— £iVffiIi£ Jfo^azlfu. 

OUTLINES OP PSYCKOLOCY, with Special Reference io the 
Tbeory of Educalioa. A TextBook for Colleges. Bj Jihm Sullt, 
A. U,, Exomiopr for the Moral Scienrea Tripos in the University of 
Cambridge, etc,, etc. Croivn 8to, ololh, $3.00. 

■' Abooktbothaabeen lonjr wnntefl hr ell who are eninieed In thehnslnMs of 
tcRChln^ and dnire to mssrer Ita piiociplca. In ibe first place. It Ir an elHborals 
Ircattee on Itie humiin mind, of IndepeDdeDl merit ■» reprcBenting the UleEt and 
bet work of all PcliDOia of ptycholoiHeal Inqolry. But of equal iraportSDce. and 



tbe nppllaillDn 10 Uieart of cdDcaUos," 

BODY AND WILL: twinR m Essay conocmlng WiU in its Mett- 

phyeicnl, Physiological, and Pathological Aspects. By Hehbt 

MiUDBLET, M. D. 8vo, cloth, $2.B0. 

"Dr. Miind'li'T'Bpnwcra oriD?iehaT« never hren more keenly cicrclsed tbtri 
In-Bodyai .... — ._,._..._, . 

liRTln^eiTfm pbvai 

nrndlHnn dtaptajeA In 'Body itKl It 

Riiilriams npon what from the wri 



UewTMkt D. AFflfXOS & Ca,l,8,b 6 Bind StcMfc 



r 



D. APPLETON & OO.'S PUBLICATIONS. 

A NATURALIST'S RAMBLES AROUT IIO»B. By Dr. 

Chaslss C. Asbutt. I2mu, cloth, tl.fiO. 
" Ths home mbont wblcb Uie doctor laDiblea le clear); ibe hinnt of 1o7i\ bdiI 
llidi, or knlmitl and iniectllte; Rod ICta of [hi habits «Dd uslanal tbsulIutbB 
dlKonnBi pleusnUy in ihl* book. Bammer and wlntsr, mamlus and iTenlng, 
ba bu bHD Id the opeo tit all tbe time oo Bib alsrl for (ome new TeTelatltm of 
iDBtincL or tMUnz, or chanclei on ttu part of hii uBlghboi' creatnrca. Uott that 
- ■ ' -- "18 teponi agrBSabfr to ai, ai it wai no dimbl dBllBhtful tc 

thij, which are free from aU He teohn'—"-— -'—' — 

itaclentiOcialue, are well BDiledlolli 
abealtltr one rarbojt In particnlaito 
a Doble tymuBlhi for what ii be]ow na. It helpJi lo OTerco 
ottea Initesied V iKoortice, whltb delreela i ■■ ' 

E^Ska Uk"hia and 'The Natnral Hisioty <g Sl. _ . , 

thej do at preaeat"— BM(on Tra'"Knpt. 

HAND-BOOK OF TREE-PLANTING ; OB, Why to Plant, 

Where to Plaut, What to Plant, How to Plant. Bj NiTHiNitx H. 

EoLMios, Cblcif of Forestry DivisEon, Department of Agriculture, 

Waghiugton. IGmo, clotb, 76 ceats. 
"Hr. Bgleaton'a little hook oUEht to be rpad hy eycry one— tiy leglajilorj 
coniddeiinj the •nhjeet aa a mattBr for atatute law ; by ihe larmcr, b; the iDU>a- 
ractnrer, by Ma fwntienaum. and by (he ordlnarjr clllien— for the Inlereat o( all 

li RffestM W ttio Intpraal <>t each,"— ff9r{ri*n( Eetning raK, 

'■ The work eapeclallT alma tomeettheiraatt of land-own ere In Dioae portlona 
of coantrr largely deaiitote of forcBta. by fDmlshlng the very beet Infutmatlon 

nerlH of thivariona otnameolel trees, bat treata partlcalsrly of ilioie claaaea 
which haTi a recognintd Talae that coaimenda them to Ihe atteollon oC any who 
may wlah to plant for nae and pcofll. Bnt elDce Ids tawa of growth and the con- 

omameDt. thia manmiT will be Ibnnd a naerui guide end helper tnamateora, and 
lo every one who ia Inioroated lu Iree-cnltnre.' — ir«r(srn Chriillait Advocalt 
t OindimaUi. 

FLOWERS AWD THEIR PEDIGREES. By Ghaht Ailm, 
author of" Vignettes of Nature," etc Illustrated. 12mo, cloth, $1.60. 

Mr. Uraol AUea. His ikaichoa In the maRailnesbBTo well heea coIIhI Aeclnal- 
ine, and thepnaantvolnme. belm-aeollectlonofTarlons pBpeta. will fully ar' 
taln hla repntatiDn as an emloBntly estertalDtng end en^^geetlTe •'-•■— 



^ 



■e wrllei 

,„._ Ir Peiilneea.'bTOmnt Allen, with nil 

netety a deacriptli 



lelr Pedl^reea,- by Grant Allen, with many lllnBtralfon 
tlon of Britiab wild flowon 



Blndy ol tho nilgialion and tranaformation of planta, TllnaVrsiefl by th( 

ntbere, tlic Btndy la a dellghtrni nnfl. and the hnnk [• rinelfinllnE to ni 
has (dtber lots for flowera or corioe[ty ab 
'" Flowers and their Pedigrees ' i« a sr 
a well-known Enelleh nrlier. on the dais., i„e Bimnucirr. >ui; luouuiam lui^ii. 
tbe Diiiria of wheat, etc. Thnnzh specially adapted to the latttnde of Encland, 
tboy will not be Icaa liiterestlBB in Ihia coon try.''— fl?ju» Turk Otnrcer. 

S Bond Street. 



^^f D, APPLETON & CO.'S PUBLICATIONS. ^^B 

I DARWINIBH STATED BY DARWIN HIMSELF: Char- 

octcristic Passogea from tbe Writings of Clici'les Darwiu. Sclecled 

Bod trrsngad bj Professor Xj.tban Shitfabi). 12mo, clolh, 360 

pages, tl.DO. 

'. " A eompict and cloar italement of the doolrinps coUfClivHlT tDonn SB Dst- 

wlDt?iD. ByconanUlDglhlSBliigleToliimeltlHiinwpoiBlbletoknonciscilvwIiot 

Dilrwtu UuBlit withoBl alftiiig IliB contBiiH of ■ doiuD bookn. Wr.N»lbui Efcep- 

parii hsB Bdiiad Uia work irllB Eoo^ Jadement."— A'eic York Jotcrnal of ComiMrM. 

"Mr. Sbeppard miut be credited wllb BiemplltTlUK the apirit or ' "-' 

Iraili-ieekiDg wbkh Inisplrad Darwlo hlmaell'. Fror ■^- = 

tliB bard labor of (elecUaii, eidelon, and Brrangemi 



condenaefl rt 

..^d valamea, II le ImponsWE todritw txtj lorBrercareapectlTiirtlie phU 
9l opiDioDa of tbs DDDipUBr. With iha exception of a brief preface tbire 
TOicl of comment, nor [a tbera tbe l^tuleet ladlcatlonof an ettempl toln^ 



Darwln^B text a meanlDg not patent thenLt^ 

"oea, bj Bhrewd omiaelon. nalklr emphaeif. or i 

■a nowhere (wetved fcota falapitrpoiieorebonliiEln 

. jmpendiona form, not what Darwin mar \ — 

meaning, bat «bit he actually tsi^."—TM 

MENTAL EVOLimON IN ANIHALS. E j Geobgk J. Eouan 
author of "Animxl Intel ligcoce." With s Fosthutnous Esta; 



lioea, bj Bhrewd omiealon. nolhir emphaeif. or artfnl coIIouIIdp. Mr. Ebeppird 
baa nowhere (wetved fcota falaparpoiieorebowlnEln a clear, connecifd, and Terr 
eompendiona form, not what Danvin may haie meant or hse been cbargcd wltb 



Instinct, by Cbables Dibvfik. ISmo, clotli, tS.OO. 



rUfB. ThepreBantlnBlaltmenldipplavithaMineevirianeeofln 
.., jg facte Btid caallon liico-Dnlliuiti»g11icinbi theory aa the form... 

'■The BQtbor conflnpB hlmfelf to the ptjcholoBj of thetnhjptt. Not only are 

[Inne from Darwin'a anpubliahert imiDaBcrlptB. and he baa appended a poMlia- 



PRACTICAL ESSAYS. Bj ALKStiNMR Bain, LL. D., author of 
" Mind and Eodj," " Education aa a Science," etc 12Bio,dotb,(I,60, 
" Tlie p-erent volnme i> In part a reprtnt of articles eonlribnted to reilewB. 
The principal bond of onion aoions Ui"" ie their practical iharacler. . . . Tbat 
Ih^rol! acanaln amonnt of novcltyln ihn TaHonetaeee^tlonp here omhodied, will 
ho adoiUted on the moel cnrsory pcraflaL"^JVDin Uu Pr^aa. 

THE ESSENTIALS OP ANATOMY, PHYSIOLOGY, AND 

HYGIENE. Bj Kobeii S. Thacy, M. D., Ilcnlth InBpcctor of the 

New Yorlt Board of Health ; author of " Unnd-Book of Sanitarj In- 

formntion for Ilonaeholders," etc. {Fanning a volnme of Appletona' 

SdcncB ToH-Booka.) 12rao, cloth, il.K3. 

'•Dr. Traey atales In Mb preface thnl hla atm baa bepn 'to eomprcse irllhln 

the narrowest anare Bucli a clear and intel]iftlb1e acconnt of the atmciDrea. bcUtI- 

ilea. and care of the bmnao ayetem a> la eaaential for the parimeea of eenenl 

edncalinn.' And he has so Ikr aneceeded a* Id make hia niannnl one of the meat 

Bjpnlarly InteresHneand aaen; ' ~. . . 

ntly amtnged, Ibe illnBtcntion 

Kew Tt.it: D, AFFLETO.V & CO., 1, 3, i; 6 Bond Street. 



D. APPLETON & CO.'S PUBLICATIONS. 

RAGNAROK (The Darkness of the Godi) : tbc Age of Fire 
and Grifel. By IcNitius Dohnellv, author of "Atlaniis: the 
Antediluiina World." llluatrated. ISmo. Cbtb, $2.00. 

" It is n bald entctprlBc, and ita rer; boldaesa gives it a pecnliar faa- 
<aiiiitioii. The Taat range ol the survey and the maltitudo of witneasee of 
everj age and clime wliich the author paaaes in review jield the reader a 
dccidedlj new eenaaUon, BomethiD^ like that of makiDg a vojagc round tbc 
earth ia mid-air." — Somt Ji/unuti. 

" It is impossible to itilhhold respect for the ingenioua logic and in- 
duHtriou3 BcholojBhip wluch mark its pagea." — Chicago Triimiie. 

"This theory . . . isaet forth with thedeiteritjandcamestncES vrilh 
which in a previous work the author tried to prove the whilom eiietcnce 
of the fubled Atlantia, and it is equallj certain to rouae the curiosity and 
enchain the attuEtion of a large body of readers." — Nea York Sun. 

STELLAR TnEOLOGT AND MASONIC ASTRONOHY f 

Or, The Origin and Meaning of Ancient and Modem MysWriea Ei- 
pluned. By RonsBT Hiirirr Brown, ZT. With numerous Illustra- 
tions by the author, including Diagram of the Zodiac, and the Sum- 
mer and Winter Solstieea, in colors. Small 4to, cloth, $2.00. 

THE ANCIEWT BRONZE IMPLEMENTS, WEAPONS, 
AND ORNAMENTB OF GREAT BRITAIN AND IRE. 
LAND. By Jobs Eviss, D. C. L., LL. D., etc., nuthor of "The 
Ancient Stone Implcmetits, Weapons, and Ornaments of Grent Brit- 
ain." With Five Hundred and Forty lUustralions. One vol., 8«o, 
B09 pages. Cloth, $5.00. 

VOLCANOES ! What they Are and what they Teach. By J. W. Jood, 
Professor of Geology ia the Royal School of JUines (London). With 
SO Illustrations. I2mo. dotli, (2.00. 
" In no field has modem research been more fruitful than in that of 
which Professor Judd gives a popular account in the present volume. Tha 
great lioea of d)*namiciil, geological, &nd mcleorolt^cal inquiry converge 
upon the grand problem of the interior conatitution of the earth, and the 
vast influeoce of subterranean agencies. . . . His book is veiy far from 
being a mere dry description of volcanoes and their eruptions ; it ia ralhei- 
a presentation of the terrestrial facts and laws with which volcanic phe- 
nomena arc oasooiflted." — Popular Scicnca Monthly. 

THE STUDT OF ROCKS. An Elementary Test-Book in Petrol- 
ogy. With Illustrations. By Fbask Ecilet, of the English Qfo 
lopcal Survey. 16mo. Hotii, i\.'i5. 

Jfetr York: D. APPLEIO^t & 00., I, 3, & 6 Bond Btreot. 
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ERKORS IN THE USE OP ENGLISH. B; ibe lute William 

B. HoDCSON, LL. D., Proreaaor af Political Economj in the Ciiiyeraily 

of Eiimbur<;1i. American revieed edition. 12aio, clotb, {l.SO. 

" This poBlhumOHB work of Dr. Hodieoa dBBnrvea a beartj wBlcome, Ibr it is 

Bnra to do gond service for Ilie objocl it lisa in tIc»— improved ■ccurnc; In Ibo 

troiiiig Tiitb wbit wonderral cueleenieBa or Incompetency Ibe Bngllnh iBOEnige 
I eenEraQr wrilteir For tlio Fiamples of error hero hronRht together nnt not 
nk^krj>H fHun fkhdf^iiponpitirpplnpwT^rinira, AmouElbflgmmiuatical^lDDore wboffl 
iii]> uf oni t>B«t-kauwu oulbota ani] publl- 
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THE ENGLISH GRAMSIAR OF WILLIAM COBBETT. 

Carefully reTiscd uit! mmolatud by Alfhed Aybss. Witb Index. 
I8nio, clotb, extra, (1.00. 
" I kaow It weii, and have rc£id it niUi sreat admintlini."— BiciuiiD Gnun 
WhitB. 

mcut readable gnminar emr wiltten. 
ta principlea — and tbere ftre many tnch 

rpcelallT anited la Ibeit needs. Any one nl average iDtellimDCH ibat wlU glre It 
a cirefiil readlmt irill be r^Harded « Itb at Icwl a tolerable bnonled^-e of tbe 
Bnbjpcl, ai nolhlng could bo more simple or mora lacld ttiaa lU eipoeldona"— 
I'tom Uu Pnfact. 

THE ORTHOEPI8T: A Pronouncing Manual, containing aljout 

Tbree Thousand Five Hundred Worda, Including u Considerable 

Number of the Names of Forcis" Authora, Artists, etc.. that are 

oftt^n mispronounced. By Alfsed Athee. ISmo, clotb, citra, $1.00. 

■■ It ElveB D< pleaBDM to mv (bal we tblnk Lbe Bntbor, In the Irealnent of IhU 

very difflcnit and lnlriC4te anblacl, Bngliah pronunciation, (rives proof of not only 

judgment and taale."— JoBiru Thoxab, LL.'d., in Hierary Warid. 

THE VERBALIST : A Uannol derated to Brief Diacussiona of tbe 
Kigbt and the Wrong Use of Worda, and to Eome other matters of 
Interest t« those who would Speak and Write with Propriety, includ- 
ing a Trealiao on Punctuation. By Aifbcd Athei-. IPmo, cloth, 
extra, $1.00. 
'- This is the be^t Idnd of an EuKllah jrrammar. It teaches lbe rislit ate of 

ourmolhor-UiDcuebT jrivlne Instsnoosor ttie wioUE use of It, and showlni; wliy 

they a» wrong?'— 2*** CAareAmaB. 

" Every one cjin loam BometliinR from lliis TDlamc, and most of ns a great 

SeaL-SpTlaafifia JlfpuHican. - 

Nen York : D. APFLETOS k CO,, 1. S. 4 6 Bond Street. 



D. APPLETON & OO.'S PUBLICATIONS. 

A GEOGRAPHICAI. READER. A Collection of Geographical 
Descriptions and NarriLtioas, from tbe best Writers \a English Lit- 
erature. ClaasiSed and arranged io meet Ihc irants of Geogmpbical 
Bludcnta, and tlu> higher grades ot reading classes. B; Jakes 
JononstJt, author of " Principlea and Practice oC Teaching." 12ino, 
doOi, tl.2i5. 
" Mr. JoboDnot USB mads a good book, vhieh, it Jndlcionilj ni«d. viH ttop 

tho imraenaa wiatB of time now •pent lu most schools In Uie etudy nf eeogrflpljj 

in IIIIlB nnnulBi. Thn .nlnmn hsB • gOOd nBlDbor of appfOnrlOlB llIUBlrallunB, 

el tBuJiiesB Bljlo and ublb."'— JToflwio/ Journal 

:lon. It lamirdlnBtjrle, 
lats oC every varleii of geoenplniMl topic It supplements llie gsoi^ph- 
»:iu lexl-booki, and, bj Ktving additlDiial iatereBLto thDamdr, It leads the pnpll 
ta mure uKteniiTe SBoerapUcal teadlne and nwaarch. It ta not almpl; a coUec- 
llon or dr; alatletlu and oulllDS deeerlptians, but vlrld narrations or fjmx llier- 

Jortat to Ibrt phlJoiophlc Idaaa upon whlcb tbe new (^DcaCIon ia based- Jta 
eRlccliUDS are from the beet slandnrd autbDrilles. It is embeUiBbed with numer- 
ous and appropriate illDitrailons. 

A NATURAL HISTORY READER, foe Seboola and Homes. 
BeautifuUj illuBtrated. Compiled and edited bs Jaue9 JonoNNOT. 
12mo, cloth, $1.26. 

" The ralnral turn Uial children bOTe tor the country, and forblrdB and bcaelB, 
irlld and tame, 'a taken adrauiaRe of TCry wisely by Mr, Jabonooi, who has bad 
eiporlcncB in tMohlne and In making (whool-hodka. Hin Baiectlona bm geuBtaUr 
eicellent. Articles by nnowoud oatm'gJlHti', and tnte resting nape ra by men 
who, if not reaowned, can pat IhlngB poinlsdly. altoroste with serloae sod 
hnmomuB yerie. ' The Popnlar Science iJonthlT t^ bsB fDmlsbed mach material. 
The 'AUantlG' and tbfl works of John Burronjfbii are conlribnioja also, Thers 
are IllnMrBtlons. and the compiler bas some aenfible advice tn offer teacbers In 
Tenrd to the way In wbich to lolereBt yooug people In puttfln rehitlng to na- 
tare,"— J¥™ Turk Tbnei. 

AN HISTORICAL READER, for Claascs in Aoademiea, High- 
Schools, and Grammur-Scbools. By Hinbt E. Sbei'Hxbd, M. A 
12mo, cloth, tl.2S. 
"■ This book la ouB of tlie most Imnortaiil text-books Issued wllbin our reeol- 
leolion. The preftee 1« a powerfnl ailaek upon Iba common method of teachlDK 
blBlary by means of comnendlama and abrldinnents. professor flhepherd has 
' lonL' Bdvocaletl lbs beginning or history- teschlng by the use ol naplilc and llyetv 
Hketches of IhosB llloslrlflas cbaracler* around whom tbe hialorir. lDt«reBt of eacb 
Bsa Is concentrated.' This volume Is lau attempt to embody Itils Idea In a tona 
for practical um- Irving. Motley. Macaulaj, Praitoll, Greene, Fronde, Momm- 
aen, Gnlwt. and Oibbon are among the anihors repreaeuted ; and tha Butjms 
treated cover nearly all the sreatest eventa and greatest cbaiaclerB oi time. The 
--bmorr'-'-'- -^— .--..-^- 
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lescribable Interest. The boy or ^rl who is n 



New Tork ; D. APPLETON & CO., J. 3, & B Bond Street 



^^P D. APPLETON & 00.'8 PUBUOATIONS. ^^^ 

RETROSPECT OF A LONG LIFE, from 1315 to 18S3. B7 
S. 0. UiLL, F. S. A. With Forlraita of Mr. and Mra, S. C. HalL 
j Cronn 8vo, ololb, J2.50. 

Cnotilnina EpinlniscanceB of almost aU Iba calebratca ttlsniry Mao for ma 

last biir-centnrr— Tennyson, Charlea Dlckeoa, Hawlborne. Ctiarle? Limb. Sdvajte 

i I^ndnr, Lad; Bleaaln^on, Gailjki Lon^ollogr, CoLcridge. De Qiilnccy, Miea 

BdEevronb, Oadwlo, HbIIbid, HoKlitt, Tom Uoud, Leig;b Hont. Filhsr Prout, 

f Mrs. Nortun. Rogers, Jubn Knakin, Svdue}' Smith, Word^woftb, Bdnmnd Kcan, 

, Maorsady, Kwley, Uiai O'Nefl, OaoiBe Cnilkslianfe Bamael Prnut, TaniBr. Wil- 

' kia, BSianpsr, Fenlmoia Cooper, Loid Ljllon, PalmarsLon, Macanla;, Baacona- 

4eia. Canning, Geon;B IV, Ljndbnrit, Broogliam, etc., etc. 

Mi. Hall la veil known aa the edltol rbr many Tean of tbe London "Art Jour- 
nal," aaantborof "The tiUtelr Homes of England," and Dnmerons books pre- 
pared In eoiijanctioa wkli hla wife. Ura. 8. C. Hall. Mr. HoU wai at one lime a . 
KirtiamoDtarj reporter; he sncceeded Campbell aa editor oC Tbe Hew Uontbl; < 
iigailne," and was edllorlally associated witb othor periodica^'. Darlne bla 

to aair la tbls book of almost evury peraon wlio biiB occupied public atlentloti , 

daclnE tbe pact sixty yetre. [ 

" [t waa emlnentlj proper and deslrabte tbot Mr. Hall ahoald write hll reeoT- 

llrB.lo«- ■■ - 



tlut fitted hii 

Interest. Tbe book ia very readabli 



addition to Us grsat leD!n>i>.w 

Uiey ato alwaye appreciatlre."- 



mtiB Tort Timet. 

"Mr. 9.0. HaHhap^Tenmnot adlarrorcnmnilatlon 1 

Till!, but imaloeTenimlauiiCMornieD md ereiitg that hi ^ ^ 

la the eoiuie of an actlTs prareastonal caieer that covers more than riity vean. 
Ha haa made an eiceedlnely entertaining Itook, that dessrres a place of honor 
Bmong the Tolnaiea of remiulacanDoa that have oriale been Issued w'~" ~'~ ~~ 
loaiDD trom the American preea-"— iVnc York Sun. 

JOHN KEE8E; Wit anJ LUliraltvr. A Biographical Mpoh 
WiLLiia L. Keebe. SmiiU 4to, cloth, gilt top, J1.2fl. 
John Keose waa a nopnlar boolt-anptloneet of Now York Ihlrty yi 

whoao wltllclsm! were The [own talk. ''IT John Eeeee shonld qnlt the ai 

I should die ofOTiiKJ," aielalmed one of blsadnilrere. Mr. Keess wi 

i IhcBOmomoirB contain romlnl 

w York a generaUoQ ago that w 



td by tboae who like gtancoa at poet local ct 

L.4.?fD9[ARKS OF ENGLISH IITERATUKE. 

J. NicoLL. 12mo, veiluin clolh, (l.W. 
" The plan udopled In this [>ook has been lo deal solely wilb the 

works are among IIib most imperi*liable elorlea of Britain, and with whoi 
a dlaaraco (or even the bnalest to remain nnaoqoaintBd."— JVon Prffaes. 
"We eanwnnnlyreeomniend this excollentnianual."^S<. Jama'* OaxOie. 
"Tbe - Litndmarka of Bnelleh LiteratTiro' Is a work of exceptional value. I. 
...I. .„h„i.«h.^ .^i) u^h literary ability. Mr. Nicoll hat a proper ennceptioo 

s llTCP, and oralis reqnireraer'- '- - .-f ■.— ■- -..-.Jt— 

implad to work."— .Veiff Turk Berald. 
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D. APPLETON £ CO.'S PUBLICATIONS. 

ATPLETOHS' HOME BOOKS. Completo in 12 volumes, ]2ino. 
Uandaumelr printed, and bound in cloth, Beiible, with Uluiniiuled 
desigo, 60 ccnta cuch. 

Tho IvfIto booka are also put op In Ihrae vnlumei, Tnar books to Uiii Tolnme, 
in tbe rnlJaiTinc ordt^. handBomely baiiDd In cIdUi, dccoralod. nice of each or 
Ibese rulamCB, t^.OO, oi fli-OU Ibo Bet, in box. 

ECILDINQ A HOMB. Bj A. P. OJKZT. Illnatrattd. 

n. 

UOW TO FCRSISH A nOllE. By Elu HouMis Cntmcn. IlluBlraled 

III. 
THE HOME GABDEX. By Kii» Rod]<a» Chitbch. njudrBled. 

IV. 
HOMK CaOUNDS, By A. F. OiiET. Illnftraled. 

V. 
HOME DECORATION. InWmctlonp In ind Deslcna rorEmhroldeiT.P«BBl 
audSeconitTc Fuintin^a, Wc-id-corrliti;. eic. By Juiet E. Uddu-Bui, 
ftntbot ol "Horaea VaraBl." DloBlrated. 

VL 
TOE HOME NBBDLR By Euj Rodham Churob. niastnted. 

vn. 

AMENITIES OF HOME. By M. E. W. 8. 

VIII. 
HOUSEHOLD HINTS. A Book at BomO Receipts nod Home SneecBUoa*. 
By Mt>. KKm W. BiHcocK. 

IX. 
TUB BOMS LIBRARY. By AjtTaus PsHH, sdllorol "Tbe Itbymeiter," 

X. 
HOME OCCUPATIOSa. By Jujct E. Rcote-Heis. niaBtratod. 

HOME AMUSEMENTS. By M. E. W. 8., »iitlioroI"AioenLlJfla of Homi," 

xn. 

[. GcsEMBET, nod I. P. EiYis, M. D.. an. 
"Sstnrdsy Rerlaw" commends "Tho Home Library" (in 



Its") u ■ "Bimctical, snsceslivc. i-enlcanblo yi 
>f what may bo called domcnl 



belonirinj t- _ , „ _, 

InntrncllTe, and convenient In Ihetr wayj none of them commandinE lu. .u.. 
■greement of KoKll^b re»dera, (ml mosl ofiheni. Ilka IbBfteBenl Tolrnne, eioanai- 
Ids rrom pereoDB of mncb wider knonledM aod experiencfl tbaii ttie generalily 
ofbanialiolden. and theKfore llbely hi guide lliem aiigbt wliers tbdr awn laata 
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